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ABSTRACT
A structurally, chronologically, and geographically integrated 
hypothesis for the origin of the Basin Range province and critical 
adjacent areas is attempted, based on the premise that horizontal fault 
couple is the prime structure-generating mechanism. Pre-Tertiary 
structure of the North American Cordillera was generated by relative 
overriding of North America over the Pacific block. Tertiary structural 
history is the result of a right-lateral couple between the same 
first-order blocks. This rotation of stresses (perhaps much less than 
90°) is all that is necessary to integrate Paleozoic-Tertiary structural 
history. In terms of this stress history, specific detailed hypotheses 
are developed for most major structural features in the province. 
Emplacement of the huge (originally continuous and straight) Late 
Mesozoic batholiths occurred as the result of decreased pressure and 
increase in temperature as the center of the eugeosyncline began to 
shear due to the stress reorientation. Formation of Basin Range 
structure is the result of dominantly right-lateral horizontal couples 
in vertically uncoupled crustal layers, each of which has a different 
structural style and couple orientation. The style in the upper 
(t 30 km) crust in the Basin Range province is the tension wrench 
on which movement is both right lateral and apart, allowing gravity 
tectonics to operate. When unmodified, these tension wrenches have
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the Nevada (N 15° E) trend. They are generated from underneath by the 
distributive, northwest-oriented San Andreas regional couple. This 
layer is probably confined between the Moho and Gutenberg's low-velocity 
layer. The deformational style is that of both a distributive couple 
and compression wrenches, across which there is a considerable component 
of compression and therefore little gravity tectonics. This deforma-
tional layer intersects the surface along the continental margin, where 
it is represented by the San Andreas fault. Tectonics in this layer 
are in turn generated from underneath by the first-order couple between 
the ocean and continent. To the northwest of the Basin Range province 
the same San Andreas regional couple is responsible for formation of the 
Idaho-Mendocino oroclines, the volcanic provinces of the Pacific North-
west, and the subocean Ridge and Trough province. Besides the basic 
tension-wrench mechanism, three modifying Basin Range structure-generating 
mechanisms are isolated and described. These are related to configuration 
of the province and anisotropy (especially the distribution of batholithic 
segments) in the crust. Basin Range province seismic zones can be 
explained and structural subprovinces isolated on the basis of interplay 
of these basic mechanisms. The well-studied Dixie Valley-Fairview Peak 
earthquake and several other features of the Basin Range structure are 
analyzed in terms of this theory and found to fit amazingly well. Both 
table-top and natural (intermediate-scale) models are used to advantage 
in developing the hypotheses.
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This paper is designed as a detailed working hypothesis for 
origin of the Basin Range province and for its structural integration 
with surrounding provinces. Secondarily, it has developed as a 
synthesis of study on the Basin Range problem and related problems 
to date. The bibliography is extensive (but by no means exhaustive 
and all-inclusive) so that it may facilitate further investigation.
There are, however, so many fringe topics related to a project of 
this kind that a bibliography can never be considered complete. The 
following represent some of the more recent and more complete addi-
tional bibliographies. General: Eardley (1962); Nevada Bureau of 
Mines Bulletin 65 (1964); Badgley (1965). Crustal structure: Thompson 
and Talwani (1964a). Areal geology: McJannet (1960); Webb and Wilson 
(1962); Hintze and Broadman (1964); Nevada Bureau of Mines Bulletin 65 
(1964); R. V. Wilson (1965).
Map Coverage
This project is heavily dependent on visualization of structural 
features, both isolated and in their related total setting, in their 
plan view. To do this, a number of types of maps in varying scales 
are required. For this reason many specific maps and sections of maps
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are found in the text and the plates and are keyed to the text. Plates 
are in the appendix.
By far the most modern, detailed, and systematic coverage of the 
entire western United States is the Army Map Service (AMS) 1:250,000 
sheets. These are available in both flat and plastic relief types, 
and this is the coverage from which many of the maps in the appendix 
are taken. When assembled to cover the entire province, an outstanding 
visual picture is obtained; the resulting map, however, is several feet 
on a side. Ultimately the geologic maps of California, Nevada, and 
Utah will be compiled on these uniform sheets.
Individual small structural features can sometimes be seen to 
greater advantage on larger scale 7 1/2 and 15-minute quadrangles, of 
which there is only partial coverage of the state. Though of larger 
scale, the photogrammetry is of no higher quality than on the A m y  
Map Service sheets, and it has been the writer's experience that 
relation to the whole is often sacrificed. They are therefore of 
more limited use in a project of this areal dimension.
Coverage of the entire area on air photographs (approximate 
scale: 1 inch ■ 1 mile) is available.
Next to the Army Map Service sheets in regard to detail, but 
on a smaller scale, are those of the Operational Navigational Chart 
(ONC) series 1:1,000,000. These are shaded and with 1,000-foot 
contours. Two 3 by 4-foot sheets cover the province (Pis. 1, 2).
The following single small-scale maps are recommended:
 
t l t. l t
endix. 
ost odern, t i , ati r f
ti est nit t t r a r i S) ,  
ets. es ai l t l st l es,
rom hi a aps i
. he e l r ti i ce, t
i l i t i ; l n ap, ever, r l t
. lt at l l i aps f alif r i , evada,
t ill pil i orm ets. 
i l all r l et es
r t t l  i ut  adrangles, f
hi l arti l r f t . f r
l , t a etr f i r ali r y
a r i ets, riter' t'i t
o hol ri . f 
or i i r j t l ensi n. 
over f ti i t r at
l : h• il ) ail le. 
ext r a r i et etail, t
a l r l , f perati al avigati al hart 
) , . es it -f t 
t urs. - t et er i l . , ). 
low l a l- l aps conunended: 
National Research Council, Committee on Tectonics, 1944, 
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Previous Work
Work on the Basin Range problem through the early 1940's has 
been summarized by Nolan (1943), and later by Mackin (1960b), Osmond 
(1960), and Thompson (1960b). The history of seismological exploration 
in Nevada has been summarized by Slemmons, Jones, and Gimlett (1965), 
and that of historic faulting and the related investigators by Shawe 
(1965). Slemmons, Jones, and Gimlett (1965) have compiled an exhaustive 
and up-to-date survey of historic seismic events in the state. Thompson 
and Talwani (1964a) provide a good, though not chronological, summary
ati al es r ouncil, o mi t ect ni s  ' ' 
ect i a f nit t t s: . ssoc.
t olewn eologists, l , 0. 
aisz, r in, 9, a nit t t : st.
eog. xplor., ar ar niv., l , . 
t se, . w., j ngstedt, O. ., 3, eol gi a
f nit t t s: u. s eol. r ey,
l , 0. 
nit ir i es, 5, nit ir i em a
nit t t s: enver, ol., o.,
yri t 8, l l a iles. 
ebb, arbara, ils n, . v., 2, r r s l i
a evada: e a ur. ine a . 
r i or  
 
or asi a e o r 0'
ari ol 3), acki b), s o
0), ps b). i s ol gi al l r t
e a ari enunons, es, i lett 5),
 t i l in st t r
5). e ons, es, i lett ) pil austi
-t t f i r s i t t . ps
l ani ) i , h t r ological, ar  
of crustal structure concepts based on geophysics. No additional 
summary is presented here except in the body of the text.
At present, thought on the Basin Range problem is evolving 
rapidly, and at least among one school of geologists is being focused 
on a mechanism generated by horizontal displacements in the crust.
Once this mechanism is subscribed to, the subhypotheses begin to fall 
into place logically and naturally. This has resulted in several 
workers formulating similar ideas independently. A prime example of 
this is seen by comparing Shawe (1965) with the present paper, which 
was about three-fourths complete at the time Shawe published. In 
talking with Slemmons, it was apparent that, in general terms, he and 
the writer have come independently to similar solutions to the problem; 
yet in method of approach and in terms of specific instances, significant 
differences exist. The concepts in three basic textbooks--King (1959), 
Eardley (1962), and Badgley (1965)— indicate that these authors lean 
strongly toward the type of hypothesis presented here, although because 
of the scope of these works none of them has gone into detail.
Most of the ideas in this paper have been conceived independently 
by the writer. Where they have depended on the previous thoughts of 
others, or where it has later been realized that another worker has 
also had the same thought independently, credit is given.
To the present writer, the fact that similar ideas are being 
independently derived is one of the strongest arguments in favor of 
the hypothesis.
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During the past decade many reviews have appeared, often 
critical, of the original paper on wrench-fault tectonics presented 
by Moody and Hill (1956). It seems from reviewing the literature that 
many (including the present writer) do not agree completely with their 
concepts. Yet theirs is a distinction achieved only rarely in geology. 
The concepts which their paper stimulated have proved to be an extremely 
fruitful new approach in tectonics.
Ten years ago the discussion centered on whether horizontal 
movement in the crust was significant or even existed. Today few doubt 
the existence of major wrench faults, most consider them as important 
as other styles of tectonics, and many are coming to feel that hori-
zontal shift in the crust is a, if not the, prime structure maker. 
Problems that had defied integrated structural analysis for decades 
have begun to make sense in this new light. It is hoped that the Basin 
Range problem and the present paper provide a valid example of this.
For the convenience of the reader a brief summary of the 
original wrench-fault theory is given in the appendix.
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Model experiments simulating wrench faulting in the earth's 
crust have been performed by many workers (see bibliography). A variety 
of materials--wet and dry, layered and unlayered, sand, clay, bentonite, 
either pure or in various combinations--has been used by various authors. 
There have also been many variations in model size, thickness, relative 
strengths, and time durations. A variety of materials has been used 
to simulate the top of the subcrust. These include small diamond-shaped 
plywood blocks (Tanner, 1962), wire screen (E. Cloos, 1955), cloth (this 
paper), and planks (this paper), as well as more elaborate machined 
equipment (Oertel, 1965). They have been activated by a variety of 
techniques. These include methods of subjecting the models to distribu-
tive couples that have been both evenly and unevenly distributed across 
their width. Emmons (1965) apparently has had considerable success in 
simulating both large and small-scale tectonic features with layered 
sand models. Unfortunately, as yet he has published his results only 
in abstract.
Many geologists criticize these model techniques on the basis 
that there is no direct proof that the models are really in scale 
and no direct proof that they react in the same way or even by the 
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the main thesis of this paper is concerned, there is one fact that 
refutes these arguments: in every model experiment of which the present 
writer is aware, where structure has been generated by some type of 
couple from underneath, the dominant surface style of yield has been 
that of subparallel wrench faults forming an en echelon pattern oblique 
to the direction of the couple. There is also substantiation from 
intermediate-scale models in the field. In the great majority of 
cases in the Basin Range province where a horizontal component of 
movement along a fault or fault zone has been established, a similar 
en echelon pattern in the same sense has been observed (Figs. 1-9).
It therefore seems an inescapable conclusion that right-lateral couples 
can be depended upon to yield right-lateral en echelon patterns, whether 
distributive or sharp, whether in granite, alluvium, or modeling clay, 
and in systems ranging from the width of the Basin Range province to 
the width of a table top. Obviously, the same would apply to the 
left-lateral case.
The above argument is not meant to preclude the presence of 
left-lateral movement and left-lateral patterns in the province nor 
the possibility of significant variations in angle with variations 
in conditions (Moody and Hill, 1956; Donath, 1961). It must also be 
remembered that there is an extremely important exception to this 
rule (exemplified by the pattern along the northern San Andreas) when 
there is a considerable cross-strike component of compression (see 
"Angle of Propagation of Tension versus Compression Wrenches"). The 
writer contends, however, that these variations and exceptions are
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Figure 1. Detailed map of scarp
three-fourths of a mile west of Lone Pine, 
Owens Valley, California. Prepared by 
W. D. Johnson and published by Hobbs 
(1907). Note strong right-lateral en 
echelon pattern. After Bateman (1961). 
Arrows indicating probable horizontal 
displacement based on en echelon pattern 
added by present writer.
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Figure 2. Details of small fractures associated 
with the Fairview fault scarp. Note 
right-lateral en echelon pattern. Modified 
from Larson (1957). Arrows added by present 
writer. See Figure 4 for regional setting.
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DETAIL MAP
Figure 3. Details of small fractures associated with 
the Fairview fault scarp. Note right-lateral en 
echelon pattern. Modified from Larson (1957). 
Arrows added by present writer. See Figure 4 for 
regional setting.
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( B A X T E R )  M I N E
Figure 4. Detailed map of the Fairview fault system showing location 
of detailed areas of Figures 2 and 3. Note general right-lateral 
en echelon pattern. Modified from Slemmons (1957). Large double 
arrows indicating general regional rebound direction and large 
single arrows indicating strike-slip displacement added by present 
writer.
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Figure 5. Fault traces of the Cedar Mountain earthquake. From 
Gianella and Callaghan (1934a). Arrows added by present writer.
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Figure 6. Additional fault traces. 
From Gianella and Callaghan 
(1934a). Arrows added by present 
writer.
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Figure 7. A fault trace showing a strong 
right-lateral en echelon pattern. Taken 
from a photograph by Gianella and Callaghan 
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14
Figure 8. Map of the Eureka mining district, Nevada, showing en 
echelon fault patterns. Note that there are both right- and 
left-lateral sets, with the latter having a more easterly trend. 
Also some parallel adjacent faults have opposite displacements. 
After Nolan (1962). Lajrge arrows added by present writer.
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Figure 9. Line drawing taken from an oblique air photograph 
looking north along Dixie Valley fault. No strike-slip 
component was found during initial investigation (Slemmons, 
1957). The noticeable en echelon pattern led Slemmons to 
re-examine the area, and right-lateral offsets of 7, 8, and 
possibly 15 feet were found in the area just south of the 
area shown. Original photograph by Earl Lovejoy.
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discernible and even predictable, and that analysis of these patterns 
is a reliable and valuable tool.
Related to Present Study
The most satisfactory experimental results were obtained when 
sand was used rather than stitching wax or clay. Perfectly dry and 
loose sand was tried, but it was found not to transmit with clarity 
structures formed under the sand to the upper surface of the sand.
Damp sand was used; it did transmit fractures generated under the sand 
to the upper surface of the sand. It was seen, however, that in terms 
of scale the damp sand was much too strong. With depths below 6 inches 
any tension cracks generated at the lower surface of the sand remained 
open. If the sand were to represent the upper layer of the earth's 
crust, this obviously could not be. By increasing the scale of the 
model until the sand (outer crust) was 12 to 16 inches deep, and by 
slightly decreasing the dampness of the sand, it was found possible to 
obtain a balance such that fractures were transmitted sharply to the 
surface, but closed themselves by gravity tectonics (normal faulting) 
at the same or nearly the same rate at which they formed. It is now 
felt, after reading other papers by Hubbert (1951), E. Cloos (1955), 
and Badgley (1965), that a smaller scale model, using dry but vibrated 
sand or bentonite, or damp clay, might give an equally satisfactory 
result.
' The apparatus employed by the writer involved placing the sand
on two or more adjacent flat-lying boards and pushing one relatively
16
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past the other (Fig. 10). In detail, many variations in size and 
method were tried.
The simplest apparatus is two adjacent boards with sand piled 
on top. Side boards can be nailed to these bottom boards to more 
effectively contain the sand. If a distributive couple rather than 
a sharp shear zone is wished, a damp towel or other appropriately 
sized cloth can be laid over the bottom boards. A very fine picture 
of the strain pattern can be obtained by drawing circles and straight 
lines normal to the trend of the edges of the shifted boards on the 
cloth and on top of the sand. After the deformation, the circles 
become strain elipsoids and the lines take on an S-curve appearance 
and become a crude representation of the stress trajectory concept.
A larger and more versatile apparatus was made by providing 
interdigitating cross boards on the bottom of the apparatus. Alternate 
bottom boards were nailed to opposite side boards and left free on 
their other end. This allowed the side boards to be telescoped 
together to provide a method of applying compressive stress to the 
system. This also allowed the box to be adjusted to accommodate any 
width or number of planks that were to provide the basement structure 
for a wrench fault.
In those cases where it was desired to obtain more strain 
near the edges of the system than in the middle, a damp cloth was 
nailed to the bottoms of the retaining side boards. These boards were 
then differentially pushed and/or pulled to produce the deformation. 
This is the case of a system bounded by two wrench faults in contrast 
with the earlier mentioned system in which one wrench fault was placed
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Figure 10. (A) Generalized pattern obtained by subjecting damp sand
to a sharp couple from underneath. (B) Generalized diagram of 
apparatus (minus sand) used in sand experiments. Fine wavy line 
outlines the cloth; dotted lines indicate deformed circles and 
lines on cloth.
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in the middle of the system. This latter method contains the inherent 
factor that cross-strike compression is applied to a greater and greater 
degree as the angle of the cross threads becomes more and more acute, 
thus drawing the two side boards together.
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OBSERVATIONS BASED ON SAND EXPERIMENTS
1. All faults produced by horizontal shear are not the same. 
Wrench faults form in areas where the medium is either under tension
or under compression. For brevity, these may be termed tension wrenches 
and compression wrenches (new terms). There may be degrees of both 
tension and compression, and they may vary because of quite local or 
regional factors.
2. These two types may or may not occur in the same area and 
should have different orientations if they occur in the same area. It 
is possible to have a situation where a compression wrench at depth 
generates tension wrenches at the surface. It is the writer's belief 
that this is the case in the Basin Range province. This same basic 
conclusion has been reached independently by Slemmons (personal communi-
cation, 1966), Shawe (1965), and the present writer.
3. Tension wrenches are more irregular than compression wrenches, 
characteristically have a slight S curve or reverse S curve, and are 
accompanied by normal faulting as the rift opens.
4. The normal faults are slightly concaved upward and cause 
rotation and tilting as the graben block fills the tension wrench.
A whole series of these tilted fault blocks may develop beside a 
widening tension wrench, causing typical antithetic fault blocks.
5. Even in the absence of any gravity or normal faulting 
(i.e., with a sand that is so strong that the cracks stay open) the
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major blocks in a particular area may tend to lean over, in the same 
direction, also giving antithetic structure.
6. The S or reverse S curve of the tension wrenches is 
controlled by the amount and type of deformation at the base of the 
sand layer. The S curve of the faults is such that they tend to 
intersect the cross threads that are immediately subjacent at a 
constant angle. This is similar to the relation of shears to stress 
trajectories discussed by Hafner (1951) and Hubbert (1951).
The relationship is most clearly displayed when cloth is 
placed under the sand. Assume that cross threads of the cloth are 
initially straight and normal to the movement direction. The picture 
represented in Figure 11 seems to be generally valid where the fine 
lines represent the cross threads after deformation and the broad lines 
represent tension wrenches. E. Cloos (1955) has obtained similar 
patterns with models.
Observing the curve of these faults related to deformation of 
the cloth underneath, the following rule can be stated: the S curve 
of the faults is in the same sense as the S curve of the cross threads 
in the underlying cloth but oriented about 90° from each other; the 
S curve of the faults is such that they tend to intersect the cross 
threads that are immediately subjacent at a constant angle (Fig. 12). 
This can provide an important tool for the analysis of stress systems.
7. In tamped, damp sand with no "cloth" underneath the sand, 
the underlying primary wrench generates good second-order tension 
wrenches up to a point. After that the primary compressive wrench 
breaks through the sand to the surface, developing as a straight crush
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Figure 11. Relation of wrench shape to deformation of the basement ' 
illustrating the S-curve rule. Solid lines represent fault traces. 
Dashed lines represent configuration of lines on the basement that 
were straight and normal to the couple prior to the deformation. 
Note that the lines on the basement and the wrenches are curved - 
in the same sense, but rotated approximately 90° from each other.
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Figure 12. General features found in damp sand subjected to a 
distributive couple from underneath.
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zone (rift) with no further development of the second-order structures.
In fact, the latter are crushed, foundered, and otherwise obliterated 
in the crushed zone. If the material is rigid enough, sometimes small 
blocks develop in the crush zone which are rotated as the zone develops. 
The general rule seems valid that the lower order structures are 
generated by the first moderate movements on the primary wrench.
After that they cease to develop, and instead the style of deformation 
changes to a general crushing along the primary wrench. This would 
seem to indicate that profound movement is not necessary for, and may 
even be deleterious to, the formation of the lower order structures.
8. Folding is definitely associated with the development of 
tension wrenches, even in well-sorted beach sand, which is probably a 
poor medium in which to propagate folds. The orientation of the axes 
of the folds is often difficult to determine, but they appear to be 
about at the same angle to the generating compression wrench as the 
tension wrenches, but in the opposite sense (Fig. 10). The angle 
between the generating compression wrench and the superjacent folds 
and tension wrenches tends to increase slightly as they develop.
If Figure 10 is considered, some insight into formation of 
folds accompanying the tension wrenches can be gained. The fold at 
(A) develops early and tangential to the curved ends of the tension 
wrenches, but the wrench is soon propagated beyond the end of the 
fold as shown. With sand as the medium, it seems to have a strong 
tendency to develop into a thrust in one or the other direction normal 
to the fold axis. With additional movement on the generating compression
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wrench, the tension wrenches are often extended beyond this zone so 
that the fold becomes interior to the ends of the tension wrenches.
The basic reason for the fold-causing compression may be 
closely related to rotation of the zone containing the tension wrenches 
as the system develops. If the mass on either side of the deformed 
zone acts as a buttress that resists deformation, then the area between 
the wrenches is likely to be compressed normal to the couple as it 
rotates, more nearly at right angles to the trend of the generating 
compression wrench. These folds fit well as the second-order folds 
on a right-lateral wrench as envisioned by Moody and Hill, and which 
are so well displayed along the San Andreas (Moody and Hill, 1956).
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APPLICATION TO BASIN RANGE STRUCTURE
If deformation of the sand bears any resemblance to deformation 
of the outer crust in the Basin Range province, a reasonable hypothesis 
for formation of Basin Range structure results. The generating force 
would be a north-south compression or couple, as is generally postulated 
as the cause of the San Andreas rift (Moody and Hill, 1956) and presum-
ably any other more interior wrenches of the same orientation (Longwell, 
1950, p. 427).
The resulting couple is such that the more southwesterly areas 
are being displaced northwestward. A northeast-southwest line drawn 
across the Basin Range province from Salt Lake City to Los Angeles prior 
to deformation will be deformed into a more nearly east-west-trending 
line after the deformation. This deformation takes place as plastic 
flow, elastic strain, and rupture.
Only in the cases such as the San Andreas and possibly the 
Walker Lane (Locke, Billingsley, and Mayo, 1940) is the condition of 
compression transmitted up through the crust to the upper surface.
These large compression wrenches are characterized by noticeable 
linearity, wide zones of extreme crushing, and a dearth of associated 
vertical movement, in addition to their great length and possible 
great lateral displacement. Incidental vertical movement may be great, 
but it is of a compressive origin due to differential elevation and/or 
tilting of large basement blocks. It may also be caused by horizontal
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displacement of pre-existing structural or topographic relief. It is 
not due to normal Basin Range gravity tectonics in which a graben block 
is lowered into an opening tension wrench.
Second-order (with respect to the San Andreas couple) tension 
wrenches are typified by Basin Range structure. (For descriptive 
purposes, the ranges just north of the Walker Lane [PI. 1], bounded 
by the Stillwater Range on the northwest and the Hot Creek or Monitor 
Range on the southeast, are here considered the "type section" of Basin 
Range structure.) As thus represented they are much less linear than 
the San Andreas type compression wrench. Discontinuous, sometimes 
en echelon, boundary faults are the rule (Fig. 4). They are usually 
curved (Moore, 1960), and often an S or reverse S curve can be 
discerned (Pis. 1, 2, 3). No severe crush zones resulting in linear 
valleys (rifts) due to easy erosion are known, though it is probable 
that they would occur under the valley fills if they were present.
They are characterized by large vertical displacement because of the 
associated gravity tectonics. For example, the Fairview Peak-Dixie 
Valley earthquake of 1954 was characterized by dominantly right-lateral 
movement on one side of the valley followed by dominantly vertical 
movement some minutes later on the other side of the valley (Slemmons, 
1962). Maxon (1950) found evidence of right-lateral movement along 
the base of the western frontal scarp of the Panamint Range of 
California. For a summary of workers who have established vertical 
stratigraphic offset on range frontal faults, see Eardley (1962,
P. 495).
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A crude average estimate of vertical displacement between tops
of the ranges and the bedrock floor under the valley fills is nearly
Ap) .
2 miles, since there is often nearly a mile of relief and also a mile 
of valley fill. (Some extreme figures of relief above adjacent valleys 
are: Telescope Peak above Death Valley about 11,000 feet, Mount Whitney 
about 10,000 feet, Mount Wheeler over 7,000 feet.) Wallace (1964, p. 39) 
cites valley fills of more than 8,000 feet for Buena Vista Valley and 
7,000+ feet for Crescent Valley. Cabaniss (1966) found between 5,000 
and 10,000 feet of sedimentary and volcanic fill in his studies of 
valley fills in the Great Basin, using seismic techniques. There is 
between 5,000 and 10,000 feet of fill in Crescent Valley (Gilluly and 
Gates, 1965), and Healy and Press (1964) report between 4,000 and 
8,000 feet of fill for Owens Valley. Displacement on the Wasatch 
fault is about 10,000 feet in the Utah Valley (Hintze and Rigby, 1962). 
Cenozoic valley fills are up to 6,000 feet thick in the Salt Lake 
Basin (Cook and others, 1964). Along with the vertical displacement, 
there is often rotation of blocks causing antithetic structure (Mackin, 
1960b; Moore, 1960; Osmond, 1960; Thompson, 1960).
Possible variations between the compression wrench and the 
tension wrench occur along the San Andreas itself as a result of its 
curvature and related movement of the Sierra Nevada block. Hamilton 
(1961) mentions that north of the Transverse Ranges a cross-strike 
compressional component appears to be present, although to the south 
of this zone cross-strike tension is associated with the fault zone. 
Crowell (1962, p. 39) points out that there may be as much as 15,000 feet 
of dip slip associated with approximately 30 miles of right-lateral
?~1 
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movement on the San Gabriel fault. This fault parallels the trend of 
the San Andreas in the Transverse Ranges.
It appears that the flexure in the trend of the San Andreas 
may have caused enough decrease in tangential compression south of the 
Transverse Ranges that gravity tectonics similar to that in the Basin 
Range province could operate. The mechanics of this flexure must be 
intimately interrelated to the Garlock fault and movement of the south 
end of the Sierra Nevada block. If this is so, the ranges between the 
San Andreas and the coast south of the Transverse Ranges may be thought
29
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LAYERED NATURE OF THE CRUST
The layered nature of the crust has long been recognized, as 
has the fact that the different layers react seismically in quite 
different manners. "The different behavior of the three depth sequences 
[of earthquakes] is considered evidence for three layers in the earth's 
crust having different relative movements in a tectonic sense" (Benioff, 
1951, p. 331). Gutenberg (1951) suggests the presence of a low-velocity 
layer, the top of which lies at 70 km depth, and he also suggests that 
this is a zone of decoupling.
The words uncoupling (Gilluly, 1963, p. 161) and decoupling 
(Scheidegger, 1960, p. 177) are apparently synonyms. They signify 
differential movement of one layer over or under another. Often 
different tectonic styles and crustal properties in the different 
layers are implied. Scheidegger (1960) suggests a depth of 140 km 
for this same low-velocity layer, but Anderson (1962) places this 
layer at between 60 and 250 km below the surface. Benioff (1951) 
places the three earthquake depth sequences at the following depths: 
shallow, 0-70 km; intermediate, 70-300 km; deep, 300-680 km. His 
intermediate sequence seems to correspond with the low-velocity layer 
in the crust. The base of his shallow sequence (70 km) does not 
correspond either to the depth of the Moho in the Basin Range province 
(Fig. 13) or to the observed focal depth of Basin Range earthquakes.
It seems most likely that the structural uncoupling that limits the
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Figure 13. Comparison of data on 
the thickness and velocity of 
crustal "layers in western North 
America. From Diment, Stewart, 
and Roller (1961).
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depth of Basin Range structure must lie higher in the crust than either 
Benioff s shallow-intermediate layer contact or the top of Gutenberg's 
low-velocity layer. The suggested depth to the Moho in the Basin Range 
province seems to fall into two categories. Badgley (1965, p. 436) 
gives a summary that suggests this depth to be 40-49 km. Diment, 
Stewart, and Roller (1961, p. 212), in their summary table, show the 
boundary between the 5.5-6.3 and the 7.2-8.2 layers at an average depth 
of about 30 km (Fig. 13).
The foci of Basin Range earthquakes are relatively shallow, 
ranging between about 15 and 40 km. These two figures represent the 
reported focal depths of the Fairview Peak and Dixie Valley events 
respectively (Romney, 1957). Both Slemmons (personal communication, 
1966) and Shawe (1965) feel that the 40 km depth is unreliable and 
probably too deep. The upper crust reacts essentially as a brittle 
substance, deforming dominantly by rupture, but the tendency toward 
plastic deformation probably increases downward. Though there may be 
a transition zone, which may even vary considerably in depth from 
place to place, the interface (Mohorovicic discontinuity?) between 
this and the next lower layer is likely to be relatively distinct.
In the experiments, this interface is represented by the cloth at the 
base of the sand. Below the cloth the next layer upon which the "sand" 
rests reacts differently. Just as in a glacier there is a depth below 
which fracturing and crevasse formation cannot occur, in the Basin Range 
the cloth represents the depth below which the tension and associated 
normal faults are not propagated. Below this depth, deformation takes 
place largely by pseudoviscous (plastic) flow (Billings, 1942, p. 23)
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just as in a glacier, or by displacement along compression wrenches of 
different orientation.
There are strong similarities between the glacier flow-crevasse 
formation mechanism and the San Andreas tension-wrench mechanism.
Glacier ice is proportionally stronger so that the sides of the 
crevasses do not cave in as much to form "Basin Range structure" on 
the glacier. Valuable insight into the Basin Range problem might be 
gained by studying these smaller scale "models," especially in those 
specific areas where the combination of flow and terrain causes a 
discernible couple.
It is reasonable to expect that if the stress is high enough 
as a result of the couple, rupture may occur, resulting in the large 
basement compression wrenches such as the San Andreas and the Walker 
Lane (PI. 1). The sand model analogy for these would be tears in the 
cloth. These tears in the cloth may or may not be transmitted up 
through the upper layer of the crust (the "sand"), depending on the 
properties of the crust and the severity of the tear. It may be that 
the San Andreas, Walker Lane, and the subcrustal wrenches represented 
by the aligned mineral districts and intrusives (Roberts, 1964) represent 
the possible variations of these basement wrenches.
The northern San Andreas seems to be surrounded by linear 
compressive features at the present surface of the earth, indicating 
that the north-south compression (or couple) causing the fault is present 
all the way up through the crust to the surface. (The writer now 
believes that this is also partly a function of westward motion of 
the Sierra Nevada block.)
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The following features suggest the compressive nature of 
crustal stresses along the San Andreas:
1. The great crush zone (rift) that causes the fault to be 
expressed at the surface by valleys eroded in this crush zone.
2. The trellis drainage and lineaments parallel to the San 
Andreas caused by older, now dormant shears that occur throughout the 
Coast Ranges (PI. 1).
3. The prevalence of second-order folds generated by the San 
Andreas couple in younger sediments over the wrench.
4. The fact that several associated basins such as Ventura 
basin and the Los Angeles basin (McCulloch, 1960) are bounded by 
reverse faults and that some oil wells and pipelines in these basins 
(for example, the Buena Vista oil field, Gilluly, Waters, and Woodford, 
1959, p. Ill) are being sheared and buckled by slow continuous compressive 
movements.
5. The fault pattern along the San Andreas (Moody and Hill,
1956; Crowell, 1960) indicates a dominance of second-order compression 
wrenches (with respect to the San Andreas) trending 30° t 15° 
counterclockwise from the main fault and an almost total absence of 
faults trending 30° * 15° clockwise from the main fault, which should 
be the tension-wrench direction (Fig. 14). This compression-wrench 
direction is closely associated with the second-order fold and thrust 
trend. It may well be that the angle of propagation approximates the 
15° established by Moody and Hill (1956) for fold axes and thrusts.
The angle is often larger than 15° or at least variable and perhaps
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Figure 14. Generalized diagram of features found along the northern 
San Andreas fault, showing the prevalence of second-order features, 
the trend of which is counterclockwise from that of the main fault. 
There is an absence of second-order wrenches trending clockwise 
from the main fault. Modified from Crowell (I960).
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is better represented by the angle 30° + 15°. Its variability is 
illustrated by the San Andreas fault pattern (Crowell, 1960, Fig. 1).
6. Sedimentary units, where they are intersected by the San 
Andreas and associated faults are commonly bowed up (Fig. 15). This 
may be due to crustal shortening at depth due to grinding, folding, 
and reverse faulting components along with shearing off of salients on 
the two sides of the fault. Because of decreased confining pressures 
over the shallower, younger formations, they may have a tendency to 
bow up rather than being ground off to accommodate the shortening.
This is diagrammatically illustrated in Figure 16. Longwell (1950, 
p. 426) mentions this same type of uptilting of young strata adjacent 
to the highly crushed Las Vegas shear zone (see also "Hydraulic Jack 
Effect").
Gilluly (1963, p. 161) feels that strength considerations and 
the geometry of the San Andreas require that the fault must penetrate 
the mantle and not just the crust. This is not in disagreement with 
the concepts presented here. But the present writer feels that, with 
the concept of vertically uncoupled layers, it may not be necessary. 
Perhaps the situation could be analogous to foam (land on ocean side 
of San Andreas) drifting right laterally by the side of a rowboat (the 
continent) as the water (the subocean deeper layers) drifts obliquely 
under the boat. Certainly stress is not transmitted in the foam the 
full length of the boat--rather each 1 cm^ area of foam is dragged 
obliquely from underneath. This argument is not dissimilar to that 
used for gravity thrusting. In both cases, compressive stresses have
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Figure 15. Uptilting of younger strata along the northern San 
Andreas fault due to the strong cross-strike component of 
compression. Modified from Crowell (1960).
Figure 16. Mechanism for the upturning of near-surface strata 
adjacent to large compression wrenches.
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to be transmitted over only a minute fraction of the length and breadth 
of the body in motion.
The Walker Lane is linear over-all, but is surrounded by Basin 
Range terrain that does not indicate compression at the surface. Within 
the Lane there are both linear compressive features (Gabbs Valley Range, 
PI. 4) and what appear to be rotated and normal faulted blocks (Monte 
Cristo Range, PI. 1). This indicates that the San Andreas regional 
couple is active lower in the crust, and that the shear has sometimes 
been transmitted up through some parts of the upper crust, but that 
this upper crust is subjected to less compression so that normal faulting 
of blocks can occur. In other words, conditions here are intermediate 
between those along the northern San Andreas and those in the central 
Nevada subprovince.
If the aligned mineral districts and intrusives farther to the 
northeast (Roberts, 1960, 1964) occur over basement compression wrenches, 
then these wrenches and the north-south compression or couple causing 
them are not directly transmitted up to the surface. The compression 
must have an upper boundary (the cloth of the experiments) above which 
the upper crust rests more or less passively. The strain caused by the 
couple in the lower crust is expressed by Basin Range structure in the 
upper crust oblique to the primary wrench below.
What Roberts (1964, p. 42) interprets as ancient structural 
features of possible Precambrian age are here interpreted as basement 
compression wrenches that have not been propagated directly to the 
surface. Rather, they are a slightly accentuated part of the basement 
strain system that has generated the Basin Range structure in the
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upper crust. As such they may possibly have been active in Precambrian 
time, but more importantly they have been active during Tertiary forma-
tion of the Basin Ranges.
Although reached independently in major part, the conclusions 
advanced herein have been suggested in part by other investigators. 
Model experiments based on strike-slip deformation of the crust were 
executed by Tanner (1962). His experiments employed a "diamond block" 
basement in which the blocks were pushed or pulled to cause relative 
movement of the blocks individually. This system is intermediate 
between the two basic approaches used in the present paper (i.e., a 
confined, sharp wrench caused by relative movement of two boards past 
each other, and a completely distributive "regional" couple simulated 
by applying a couple to stressed cloth upon which the crust rides). 
Tanner (1962) and Shawe (1965) suggest a vertical layering with surface 
structures generated from a different style of deformation deeper in 
the crust. Both these workers seem to confine their analyses to the 
concept of an underlying wrench fault generating an overlying oblique 
structure. It is intended in the present paper, on the other hand, to 
stress a regional distributive couple across the entire province as 
the mechanism which generates Basin Range structure. Wrench faults 
in the basement, the Walker Lane, and even the San Andreas merely 
represent accentuated zones in the regional strain pattern.
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VERTICAL LAYERING IN WRENCH-FAULT TECTONICS
Moody and Hill (1956) presented the concept of first-order, 
second-order, third-order, etc. wrench faults. Each fault is generated 
by movement on the next lower order Wrench. In this paper, a vertical 
layering concept has been introduced (Figs. 10, 11, 12, 17). Either 
an actual tear or merely a zone plastically strained by a couple can 
be limited upward by changes in the properties of the crust. Above 
this the deformational style changes to that of the next higher order 
wrench. The following example, based on Figure 17, and starting from 
the earth's surface downward, should clarify the concept. Number (5) 
represents small en echelon tension fractures, ranging from a few inches 
to a few tens of feet in length. They are found along an individual 
fault trace on the flank of a Basin range. These are the minor features 
mapped by Larson (1957; Figs. 2, 3, this paper). They are generated 
by movement on (4). Number (4) represents an individual frontal fault, 
several of which may form an en echelon pattern along the front of a 
Basin range. Each fault varies between a fraction of a mile and several 
miles in length. They are typified by the individual faults that make 
up the Fairview fault zone (Fig. 4) and by the pattern found by Gilluly 
(1928) along the west front of the Oquirrh Range of Utah. These are 
generated by movement on (3). Number (3) represents the tension wrenches 
that block out the major range and valley blocks in the province as 
typified by the entire Fairview fault zone (Fig. 4). Their magnitude
 
I I RENCH- I  
oo ill ) t ce t f -o r,
d-order, er, t . r lt . lt er t  
ove ent t o er r wre ch. er, rti l
t rod i s. , , , ). it r
t l r erel l st l ain l
i i ar s r erti f st. bo
i ati al s t f t i r r
re ch. low ple, i r , in rom
rt ' n ard, l cept. u ber
t all , rom e
ew f t t . i l
lt a f asi e. es i r
a  ar ; i s. , , er). er t
ove ent ). u ber t l t l lt,
er l f hi a rm l t t f
asi e. lt ri o f il eral 
il t . i l lt t a
i e lt i . ) t ill
) est t quir a t . es
er t ove ent ). u ber t r es
t t aj r l l i
i ti i e lt i . ). heir agnit  
41
Figure 17. A vertical concept of wrench-fault tectonics, based on 
the idea of stress reorientation in uncoupled layers in the crust.
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is that of the ranges (a few tens of miles for many of the lesser Basin 
ranges to several hundred miles in the special case of the Sierra 
Nevada). This group of wrenches penetrates the entire outer crust, 
probably down to the Moho. It is generated by movement on (2).
Number (2) represents the San Andreas or Walker Lane type basement 
wrench (Pi. 1) and/or equivalent plastic deformation of the basement. 
Plastic deformation due to the regional couple may be quantitatively 
more important than actual tears. Tears may be on the order of magnitude 
of the San Andreas itself, though the average size is probably much 
smaller. These are generated by movement on (1), and (1) has still to 
be defined. Before defining this huge first-order wrench or couple 
that is the cause of it all, an angular relationship between tension 
and compression wrenches must be clarified.
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ANGLE OF PROPAGATION OF TENSION VERSUS 
COMPRESSION WRENCHES
Referring again to Figure 17, it will be noted that it depicts 
only the right-lateral case (believed to be dominant in the western 
United States). Notice that each wrench is generated by the next 
lower order wrench that trends 30° + 15° counterclockwise from the 
higher order wrench (Fig. 18). Continuing this trend, the first-order 
wrench that generated the San Andreas should trend about west-northwest. 
There seems to be no huge first-order feature on the continent with 
this trend that could generate the San Andreas. (The Mendocino type 
east-west structure on the adjacent Pacific sea floor is impressive 
on the ocean floor but not on the continent.)
If the angle is taken clockwise from the San Andreas fault, 
giving a north to north-northwesterly trend, the North American 
Cordillera and the western border of the continent have this trend.
But how can one justify taking this angle in a clockwise rather 
than counterclockwise direction? The answer lies in the difference 
between generation of a compression wrench (the San Andreas) and tension 
wrenches (the Basin Ranges). Notice that in Figure 17 all the higher 
order wrenches generated in the upper crust are tension wrenches. They 
all fit and make sense by assuming the counterclockwise angle toward 
the parent wrench. They all are associated with tensional characteristics 
in the surrounding crust. In an earlier part of this paper (see "Layered
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Figure 18. Diagram illustrating the problem of which way 
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Nature of the Crust") it was established that the northern San Andreas 
(here considered the "type" compression wrench), on the contrary, is 
associated with, surrounded by, and generates compressive features 
(Fig. 14). In that same figure it can be seen that the compressive 
second-order features and the proposed (but locally nonexistent) tension 
wrenches bear the opposite relationship to the parent wrench.
The present writer feels that the tension and compression 
wrenches are mechanically two different types of structure, though 
they are both generated by a larger wrench or distributive couple.
The compression wrench is similar to the mechanics that exist between 
a diagonal snowplow blade and the snow that it is pushing. The tension 
wrench has its best analogy in the small en echelon tension fractures 
such as those studied by Larson (1957).
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THE PARENT COUPLE FOR THE SAN ANDREAS
The tectonic model that portrays and explains the relationship 
between the San Andreas and its parent couple is the sandbox experiment 
done by Hubbert (1951, PI. 2, and especially Fig. 14). One must, in 
the mind's eye, (1) turn the model over on its side (rotate it 90° 
around its longest dimension) so that Hubbert's Figure 14 represents 
a map view, (2) reorient the figure so that the right end of the 
diagram represents north, (3) increase the order of magnitude by 
several million, and (4) write "Pacific" over what was the free-air 
surface, and "craton" below what was the bottom of the sandbox (Fig. 19, 
this paper). This picture is similar to the west side of the continent 
even down to the east-west bulge in the Cordillera that accommodates 
the Basin Range province.
In Hubbert's sandbox the compressional and tensional structures 
are nearly at right angles to each other (Fig. 20). By analogy, compres-
sion and tension wrenches should also have an opposite (semi-mirror 
image) relationship with regard to the parent wrench. (This is wrong 
in detail because of rotation due to internal friction.) By reorienting 
the analogy once again, the couple causing a northwest-trending, 
right-lateral compression wrench should be oriented almost north-south. 
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Figure 19. A similarity between Hubbert's sand experiment and the 
western United States. Modified from Hubbert (1951).
Figure 20. Illustration of the geometric and mechanical similarity 
between Hubbert's sand experiment and compression and tension 
wrenches generated by the San Andreas regional couple. Compare 
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Experimentally (Hubbert's sandbox), it seems that a north-south 
parent couple for the San Andreas is reasonable. In the earth an even 
more impressive example of this relationship is presented by the fault 
pattern along the San Andreas itself (Crowell, 1960, Fig. 1; diagram- 
matically as Fig. 14, this paper). Almost all these second-order faults 
are oriented at a somewhat variable counterclockwise angle from the main 
fault.
That these second-order faults are wrenches is indicated by 
the right-lateral offset of contacts that are cut by them, and by the 
S curve of these contacts between the faults. They are compressive 
in nature since they are parallel to and immediately associated with 
both fold axes and thrust traces. Indeed, transitions between all 
three types of structure can be seen. Notice the almost complete 
lack of tensional features with a north-south trend.
There is one style difference between the San Andreas and 
its second-order compression wrenches. The smaller, shallower 
second-order wrench tends to "roll over" and change into a thrust 
near the surface in some cases because of less confining pressure.
The larger parent wrench tends to be a nearly vertical shear, which 
penetrates the entire crust. At great depths the confining pressure 
is so great that upward expansion is inhibited. The minimum principal 
stress is therefore rotated at right angles toward the west rather 
than being vertical. As a result, expansion is directed toward the 
edge of the continental block. The San Andreas is, in effect, pushing 
the material west of it off the edge of the continent rather than up 
into the air.
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It appears, then, that the second-order compressive wrenches 
generated by the San Andreas bear the same relation to the parent 
wrench that the larger wrench should to its parent wrench or couple. 
Therefore the parent couple for the San Andreas, and the San Andreas 
regional couple as used in this paper, must be oriented parallel to 
the Cordillera itself. The name Cordilleran couple is suggested.
This completes the wrench-fault tectonic picture. It also agrees with 
the circum-Pacific tectonic picture presented by Benioff (1957).
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RIGHT-LATERAL DOMINANCE IN WESTERN NORTH AMERICA
The dominance of the right-lateral couple (the San Andreas 
mechanism of this paper) over the left-lateral conjugate system is well 
explained by a quotation from Hubbert (1951, p. 371, with reference to 
his Fig. 16): " . . .  In asymmetrical cases, the integral of any stress
quantity over one surface or family of surfaces will in general be 
different from that over the conjugate surface or family. Because of 
this inequality slippage should occur on one set before the other, or 
on only one of two sets. In the asymmetric geologic system here 
considered [the sandbox in Hubbert's paper, the western United States 
in this paper] faulting develops almost exclusively on the concave 
upward [westward in this paper] set of surfaces [San Andreas mechanism 
of this paper]."
Little doubt exists that the western United States represents 
an asymmetric system. It is bounded on the west by the deep, low, 
sial-deficient Pacific Basin and on the east by the tectonically much 
higher, thicker, lighter, and more rigid cratonal crust.
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FIELD OBSERVATION OF THE TENSION WRENCH
It might be properly argued that if the tension wrench is such 
an omnipresent reality in the Basin Range province it should have been 
documented long ago by an extensive literature. The following reasons 
are submitted as to why the tension wrench is so elusive to the field 
geologist:
1. The strike-slip component of the movement is not great.
It is of the same order of magnitude as the associated distension, 
which is probably between only half a mile and a mile for any one 
tension wrench.
2. They most likely occur under the valley fills, and probably 
only in a relatively few cases is the strike-slip component of the 
movement transmitted, in a large degree, up a range-bounding fault to 
the surface.
3. In most cases normal-faulted blocks fall down upon the 
strike-slip distension zone as a result of the loss of support. It 
is these secondary vertical movements that are seen at the surface.
4. It is difficult to find evidence for even this normal 
faulting, which may have a strike-slip component. The number of cases 
in the literature where a range-bounding fault surface actually has 
been seen is amazingly small.
5. Pediment formation and rapid back-cutting of spurs tend
to mask older evidence
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6. Alluvial fans tend to mask older evidence.
7. Erosion by flash floods rapidly obliterates any drainage 
offsets due to the strike-slip component.
8. Since the valley block is almost always buried, there is 
no point of reference from which to judge horizontal components of 
movement. The nearest such point is usually the next range, which is 
separated from the adjacent range by several miles of alluvium.
9. There are no effective markers by which to judge the 
horizontal component. The pre-Tertiary structure is parallel or 
semiparallel to the present block faults. The only geologic features 
that would effectively show the offset are such things as long, regular, 
transverse (Pennsylvania type) folds or regular, transverse, igneous 
contacts that completely traverse at least two, and preferably more, 
ranges. These are almost nonexistent in the province. The only 
transverse structures of note are the Tertiary transverse folds such
as are found at the Nevada Test Site (Houser and Poole, 1960). Since 
these are a result of the same deformation that caused the tension 
wrenches, they may not show the full offset that has occurred. Usually 
these structures are confined to one block or one mountain-valley block 
combination. There was a strong suggestion during the sand experiments 
that in some cases these transverse folds could form in separate 
adjacent blocks with either no apparent offset or with left-lateral 
or right-lateral offset. The left-lateral offset is merely apparent 
and due to formation of independent structures in adjacent blocks.
The right-lateral offset may be either apparent or real. Sometimes 
a fold of this nature develops early, and the block containing it
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later splits down the middle with the development of another tension 
wrench, along which there is horizontal movement.
10. This general statement should be true for the province: 
the greater the strike-slip component, the greater the distension, the 
greater the masking by gravity tectonics, and the greater the width 
of alluvium-covered valley. All in all, the failure to recognize 
the tension wrench might be expected in the light of the above
considerations.
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VERTICAL MOVEMENT IN THE PROVINCE
Several mechanisms for vertical movement should be considered 
in the province (Fig. 21). These are depicted diagrammatically, 
superimposed on an upthrown and down-dropped block. The length of 
the arrow approximates the amount of the movement; the width of the 
arrow approximates the rate of the movement.
Arrow (1) represents the slow (epiorogenic?) uplift of the 
entire North American Cordillera, including uplift of the Basin Range 
province to its present height during Tertiary time. As depicted, 
the summits are considered to average about 10,000 feet. It is further 
assumed that they started somewhere near sea level at the time of 
initial breakup of the province. Much of Axelrod's work (e.g., 1957, 
1962), and also that of Hubbs and Miller (1948), seems to substantiate 
this trend.
In this paper the compressive nature of the stresses in the 
upper crust around the San Andreas are discussed, and it is hypothesized 
that the subcrust under the Basin Range province is subjected to the 
same compression, causing the province-wide San Andreas couple. The 
upper crust, however, is subjected to tension. The San Andreas fault 
is believed to have existed long before the breakup of the Basin Range 
province (Crowell, 1962). Hence the province-wide San Andreas couple 
existed long before the breakup of the province.
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Figure 21. Types of movement in the Basin Range province superimposed 
on normal-faulted blocks. Length of arrow approximates amount of 










i r . es f ove ent asi a i im
 r al-f lt l s. f ro r i at ount f
ove ent; c f ro i at f ovement. uillbers
t. 
56
It seems evident that the province could not break up until it 
had been elevated sufficiently above the top of the compressed horizon 
for the tension-wrench mechanism to operate. The positive movements 
in the province actually started even back in the Paleozoic with the 
development of the Antler orogenic belt. Although seas again trans-
gressed this belt, more and more areas of uplift were created (Longwell, 
1950; Osmond, 1960; Gilluly, 1963), restricting the seas. By the 
beginning of the Tertiary, seas had been essentially driven from the 
province and the area was still on its way up. Sometime in the Tertiary 
the tension wrench and thus block faulting came into being, and it has 
continued to the present, possibly with ever-increasing intensity as 
the land continued and continues to rise, as shown by arrow (1).
Arrows (4) and (5) represent important unsolved questions.
Was the entire province elevated, after which the valleys collapsed?
Did the valleys continually collapse, and thus remain relatively 
stationary, while only the mountains were being significantly elevated? 
This amounts to the question of whether there was a time lag in the 
valley formation.
There are cases of significant or even great time lags in 
orogenic processes; for instance, the epiorogenic uplift of the 
Appalachian province occurred many geologic periods after the main 
orogenic phase had apparently come to a close. Nevertheless, there 
appears to be no reason to expect a lag between uplift and collapse in 
the Basin Range province if all the forces were in operation throughout 
the entire time of formation, which they seem to have been.
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If the mechanism presented in this paper is correct, the 
second case (arrow [4]) is true: the mountains were rising steadily 
due to epiorogenic uplift (arrow [1]) while the valleys were steadily 
collapsing to the extent that distension (arrow [7]) on the tension 
wrenches would allow. It is doubtful that collapse after the province 
had been completely elevated (represented by arrow [5]) was the case.
As a result of the interplay of the rates of uplift and rates 
of distension, the valley blocks may have either gone up, gone down, 
stayed still, or reversed their motion. Reversals in movement, in 
the absolute sense, could easily be expected. The bedrock tops of 
many of the valley blocks are today well below sea level (Wallace,
1964). Absence of Early Tertiary marine sediments in the province 
indicates that just prior to the breakup of the province the land 
was very close to sea level. This requires that the effects of the 
distension are dominant over the effects of the uplift of the province 
for these blocks, and that they have undergone absolute downward 
movement.
The wide arrow (2) represents rapid dropping of a valley block 
during an earthquake. The opposite arrow (3) represents upward elastic 
rebound of the mountain block at the time of the break. In crude 
terms, prior to the earthquake the valley block represented a dead 
weight hanging on the side of the mountain block. The faulting in 
effect "puts the valley block back on its own foundations," allowing 
the mountain block to "unbend." The rate of this rebound motion should 
be rapid at first but quickly diminishing. At some time after the 
event, the weight of the valley block will again begin to be transferred
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to the mountain block and the rebound factor will be slowed to zero, 
and then there will be reversal of motion as the mountain block begins 
to bend again. Slemmons (1962) indicates that this rebound factor was 
negligible during the Dixie Valley-Fairview Peak event.
During the stress accumulation period between earthquakes, the 
edge of the mountain block adjacent to the fault should move down 
relative to the farther removed part of the same block. The valley 
block should act in an opposite sense. In absolute terms, there should 
be upward movement between events of the slow, steady (arrow [1]) type 
for the mountain block at a distance from the fault. The valley block 
away from the fault on the opposite side should have the more erratic 
(arrow [3]) movement. Because of the independence of the two basic 
mechanisms of uplift and distension, continued uplift is not necessary. 
Since the crust of the province is now raised well above the horizon 
that marks the top of the zone of compression, the tension-wrench 
mechanism can continue to operate even if the epiorogenic uplift was 
stopped. This may be the case, as Thompson and Sandberg (1958) and 
Thompson (1959) indicate that the province is in isostatic equilibrium. 
If this were the case, all movement in the province would be downward 
at different rates, but with the movement of the valley blocks being 
faster and more erratic. If this is so, it is an important lesson 
for students of orogenesis that an area of high seismicity and of 
active creation of structural and topographic relief need not neces-
sarily be an area of uplift.
Rotation of blocks may cause limited absolute uplift on the 
outer edges of strongly tilting blocks (arrow [6]). Many more
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complications are likely to be imposed by antithetic faulting and minor 
adjustments.
The (A [away]) and (T [toward]) represent strike-slip movement 
of the tension wrenches. Small letters represent slow drift between 
earthquakes; the large represent rapid movement during an earthquake.
One generalization seems warranted. The movement history of 
the province is complex in detail. It is therefore extremely hazardous 
to make blanket generalizations based on one earthquake movement or on 
one isolated bit of geological evidence.
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AMOUNT OF DEFORMATION
It was found during the sand experiments that by the time a 
straight line normal to the movement direction had been rotated through 
30° t 15° the tension wrenches were well developed (Fig. 12). Consider 
a straight line from Salt Lake City on the eastern edge of the Basin 
Range province to the San Andreas at about Los Angeles, normal to the 
movement direction, about 600 miles (1,000 km) in length. If the region 
were deformed until the line had rotated northward 30°, a situation as 
in Figure 22 develops, assuming that Salt Lake City "stood still" and 
assuming deformation across the province to be uniform. Both these 
assumptions may be partially wrong.
By the diagram, using 30° of rotation and a distance of 600 miles 
(1,000 km) between Salt Lake City (SL) and Los Angeles (LA), there is 
350 miles (550 km) of distributed displacement (LA-SF) between Salt 
Lake City and the San Andreas fault. This results in 100 miles 
(approximately 150 km) or about 16 per cent distension between Salt 
Lake City and the Pacific. The figure of 350 miles (550 km) of 
displacement distributed over 600 miles (1,000 km) seems reasonable.
There was possibly 350 miles (550 km) of movement on the San Andreas 
alone since the Jurassic (Moody and Hill, 1956; Crowell, 1962). Perhaps 
175 miles (280 km) of this movement on the San Andreas has taken place 
since Oligocene time (Crowell, 1960), which is a somewhat old, but still 
reasonable, estimate of the time of initiation of Basin Range structure.
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Figure 22. Distributive strike-slip displacement of a line from 
Salt Lake City (SL) to Los Angeles (LA) due to 30° of deformation 
by the San Andreas couple. LA-SF = distributive displacement. 
SF-D = east-west distension during deformation.
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The presence of wrenches, curved ranges, batholiths, and other irregu-
larities suggests that the triangle actually should look diagrammatically 
as in Figure 23.
A fine small-scale model of this basement deformation is 
provided by slip cleavage, as photographed by Clark (1960b, Fig. 148.2). 
Essentially it consists of micro "wrenches" between which the rock is 
deformed into S curves by plastic deformation. When this cleavage cuts 
across a formerly planar bedding surface, the result is exactly as 
line (SL-SF) of Figure 23.
Across the central Nevada subprovince the basins and ranges 
are about equal in area. Over-all they each average about 15 km wide.
As stated earlier, about 2 miles (3 km) of throw between the prefaulting 
land surface on top of the range and its counterpart under the valley 
also seems like a crude but reasonable estimate (Thompson, 1959, uses 
this same estimate in the Dixie Valley-Fairview Peak area). If, for 
the moment, one forgets about the complications of antithetic faulting 
and folding and if one eliminates erosion and valley fill, the picture 
is as depicted in Figure 24, assuming all blocks are bounded by essen-
tially vertical tension wrenches. The cross-sectional area of the 
valley (ABCD) is 3 km x 15 km or 45 km2. Both 15 and 30 km as the 
interface between the tension-wrench zone and the underlying zone of 
the San Andreas couple will be used (see discussion under "Layered 
Nature of the Crust").
We now have enough data to crudely calculate the amount of 
lateral distension (FG) by using the principle of conservation of mass. 
This states that if there is no appreciable change in density and no
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Figure 24. Simplest cross-sectional geometry of tension wrenches 
assumed in this paper. Showing variations in distension that 
result from assuming 15 km and 30 km as the depth of propaga-
tion of the tension wrenches.
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significant voids at depth the cross-sectional area of the valley 
(ABCD) must equal the cross-sectional area of the tension wrenches 
(DEFG). The premise seems valid. There will be brecciation of the 
valley block as it is lowered, but no significant voids can form except 
very near the surface. With a situation as in Figure 24, the distension 
normal to the ranges (FG) has to equal 1.5 km or 3 km in order to drop 
the valley block 3 km.
It is evident that the amount of distension necessary is 
inversely proportional to the depth of propagation of the tension 
wrench. With half the depth (i.e., 15 km) the distension must be 3 km. 
Considering the average range and average valley each to equal 15 km, 
and remembering that only one tension wrench is required for each 
valley-range pair, there should be a tension wrench every 30 km.
Thirty km divided into the approximately 1,200 km between the Pacific 
and Salt Lake City, normal to the trends of the ranges, gives approxi-
mately 40 such tension wrenches, each requiring a distension of 1.5 km 
or 3 km. This gives a total distension for the province of about 
60 or 120 km. Note that this figure could even be too large, as 
tension wrenches were assumed to be present all the way to the coast.
It is doubtful that that much distension is required for the much 
larger Sierra Nevada block. Also, a significant proportion of the 
ranges are tilted fault blocks which may not require as much distension.
The figure of 60-120 km of distension (about 5-10 per cent) 
across the province seems entirely adequate to accommodate the proposed 
mechanism, and yet it is less than one half of that arrived at by 
extrapolation from the sand models (16 1/2 per cent), and it is indeed
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a conservative amount of distension that can easily be generated by 
the proposed San Andreas mechanism. The discrepancy between the figures 
obtained from the two different methods is probably due to several 
things. The 30° angle used for the model represents about maximum 
development of the wrenches. The faulting actually develops much 
earlier than this, and it is likely that in terms of scale some smaller 
angle of deformation would give a truer picture. This is presented 
in Figure 25. If the 10-km thickness used by Hafner (1951) is more 
realistic, the distension would be 180 km. 
Thus extrapolation from the sand models and the method based 
on conservation of mass in the cross section result in similar figures 
for distension, and they agree well with those arrived at by Thompson 
(1960b). Even with the variations presented here all figures are of 
the same order of magnitude. 
The criticisms have been voiced (1) that too much latitude has 
been used for the factor of depth to the bottom of the tension wrenches, 
and (2) that if such a variety of depths can be used and a reasonable 
answer obtained for each the method must be of little value. The 
present writer feels (1) that some simple model should be included 
in a paper of this kind to suggest merely that the proposed mechanism 
is within the realm of reality, and (2) that any statistically accurate 
computation of this kind would be impossible at our present state of 
knowledge. 
It is granted that most figures used in the method may be 
in error by a factor of as much as two, and in some cases even more, 
that the cross-sectional configuration is grossly oversimplified, 
Figure 25. Variations in distension resulting from different 





Angle (SU Slip (LA-SF) Distension(D-SF) 
15° 162mi 259 km 30mi 48 km 
20° 218mi 349km 35mi 56km 
30° 346mi 554km 92mi 147 km 
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and that the parameters have been manipulated so that the arithmetic 
comes out evenly. To the present writer the fact that, as crude as 
is, the model gives answers well within the same order of magnitude 
does not prove, but at least suggests, that the mechanism is within 
the realm of reality.
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A VERTICAL SECTION NORMAL TO THE TENSION WRENCH
Consider first the simplest case where the tension wrench opens 
to a width of 1.5 km or 3 km and one side drops along a normal fault 
until the sides of the tension wrench close together (Fig. 24). A dip 
of 45° or 75° will bring points (A) and (E) into contact with each
A
other after faulting. This will give 3 km of valley depth and close 
the tension wrench. The 45° to 75° figures include the great majority 
of observations for fault dips in the province. Gilluly (1928) cites 
the following figures as representative: 65°, 72°, 70°, 60°, 75°, 49°,
59°, 54°. These figures are not intended to be statistically repre-
sentative. They are also close to the theoretical figure for normal 
faulting (Moody and Hill, 1956). This model is perhaps the most simple 
and can be varied in many respects.
As was sometimes seen in the sand experiments, all the tension-wrench 
bounded blocks in one area can tend to lean over in the same direction 
against one another, perhaps with some accompanying normal faulting to 
compensate the volume of the tension wrenches (Fig. 26). This would give 
a type of antithetic structure. Thompson (1960b) suggests this type of 
structure.
Billings (1942, p. 205) gives the following explanation of anti-
thetic structure as seen in clay models: "In experimental graben, formed 
by subjecting clay to tension, antithetic faults are extensively developed 
under certain conditions. These faults dip toward the master fault
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Figure 26. Tension-wrench bounded blocks leaning in the same 
direction with accompanying normal faulting to give a type of 
antithetic structure.
Figure 27. Wide spacing-of major tension wrenches with potential 
void being filled by normal faulting on curved fault planes, 
giving antithetic structure.
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[tension wrench of this paper] but the displacement along them is 
dominantly of the gravity type." This concept is presented in Figure 27 
(see E. Cloos, 1955, and Badgley, 1965, for similar structure in clay 
models). It explains: (1) a logical mechanism for antithetic faulting 
in general; (2) an alternative for what were interpreted as faulted, 
large wave-length folds by Osmond (1960); (3) why the blocks tilt and 
why the bounding faults'seem often to be concave upward (Moore, 1960); 
(4) why blocks tilt toward regional topographic highs (Moore, 1960), 
which would logically be located midway between these major tension 
wrenches; (5) the reason for a configuration that is similar to that 
deduced theoretically for Basin Range structure by Hafner (1951).
It should be stressed that the situation presented in Figure 27 
requires no more over-all distension than the simple case presented in 
Figure 24. The fewer, larger, but more widely spaced tension wrenches 
equal the smaller, closer, regularly spaced tension wrenches in over-all
distension.
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THE S CURVE OF THE RANGES RELATED TO 
THE S CURVE OF THE BASEMENT
If the S-curve rule as stated earlier (Fig. 11) holds true, we 
have both a valuable tool for detecting basement wrenches and a strong 
bit of evidence in favor of the hypothesis presented here. Consider a 
basement wrench that is propagated to the surface such as the Walker 
Lane or the San Andreas. It is reasonable to assume that the most 
severe plastic deformation of the lower crust occurs adjacent to this 
tear. The reason this tear is there is that the material was strained 
excessively. If straight lines normal to the wrench were drawn on the 
subcrust, prior to deformation and normal to the potential shearing 
direction, they would end up looking like the thin lines in Figure 28.
If the potential tension wrenches (heavy solid lines) are 
plotted by use of the curve rule, interesting results occur. Point (1) 
in Figure 28 represents the ranges and thrusts north of the Las Vegas 
shear zone (Pis. 1, 3, 5, 6) that have been "dragged" around to the 
northeast as a result of right-lateral movement on the zone which 
represents the Las Vegas shear zone (Longwell, 1950, p. 426). Loca-
tion (2) represents the Sierra Nevada, which also shows the S curve, 
with (3) being the Tehachapi Range, which also appears to have been 
"dragged" northwest by the right-lateral movement of the San Andreas 
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Figure 28. The S-curve rule diagrammatically applied to the 
California-Nevada area. Thin lines show deformation of the 
basement. Solid lines show trends of major structural features. 
Numbered locations are explained in the text.
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THE DIXIE VALLEY-FAIRVIEW PEAK EARTHQUAKE,
A TENSION WRENCH IN ACTION
During the Dixie Valley-Fairview Peak earthquake of 1954 
(Tocher, 1957c) in west central Nevada two main zones of surface 
breakage formed about 4 1/2 minutes apart (Fig. 29). The graben in 
which this occurred has a N-S to N 15° E trend toward the southern 
part of the area, but the Stillwater Range bounding its west side 
curves fairly sharply to the east near the north end of the zone of 
breakage.
The earlier Fairview Peak series of scarps has a trend of 
about N 10° E. Over its southern half the breakage zone shows an en 
echelon pattern indicating right-lateral movement. This is substan-
tiated by the initial movement on the fault plane which also had a 
strong right-lateral component and which occurred at 15 km depth 
(Romney, 1957).
The Dixie Valley event occurred 4 minutes later, with an 
epicenter some 35 miles to the north, and on the opposite (west) side 
of the graben. The focus was at a depth of 40 km (Romney, 1957).
Both Slemmons (personal communication, 1966) and Shawe (1965) feel 
that this figure is too deep and not reliable. No significant lateral 
component was noticed in the initial field study (Slemmons, 1957).
The oblique air photograph (Fig. 9), which clearly shows an en echelon
 I I LLE - EW AKE, 
 R I  
uri i i all i ie h
cher, c) est tr l eva ai f
rm t l inut art i . ).
hi r -    re r t
rt f , t t l t r a i est  
l st r r f
 
rl i e f re f
t   . ver t l
l t i t t- l ove ent. hi
ate i l ove ent lt hi
ro t l ponent hi r t t
ney, 7). 
i i all t r inut r, it
i t r il rt , posit est)  
. as t t ney, 7). 
74 
ot em o s l nnnunication, ) ) l
t g t l . i t l
ponent as t i l u em ons, 7). 
l i t i . ), hi l  
Figure 29. Dixie Valley-Fairview Peak epicenters 
and surface faulting with superimposed arrows 
indicating approximate regional rebound direction. 
Modified from Romney (1957).
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pattern indicative of right-lateral movement, prompted re-evaluation 
of the field evidence, and right-lateral displacements of 7 feet and 
8 feet were found. A more doubtful instance of 15 feet was found but 
may have been partially due to lurching. The epicenter was very near 
the north end of the faulted area on the segment of the fault that has 
the most easterly trend.
First-order level lines and triangulation nets in the area 
indicate that the land to the west of Dixie Valley moved north-northwest 
and that to the east shifted south-southeast. Horizontal movements of 
up to 10 feet (personal observation) took place near the epicenters 
but diminished to zero less than 40 miles on either side.
The details of this earthquake fit the hypothesis of this 
paper well. The shallow initial breakage on the Fairview Peak series 
of faults does not indicate that faulting was limited to this depth.
A downward increase in the threshold stress required for rupture and 
an increase in plasticity with depth (both of which are likely) would 
tend to shift the initial break upward. Comparison of the more 
north-south trend of the Fairview Peak zone with the direction of 
regional rebound (Fig. 29) indicates that this zone should have a 
relatively greater lateral component and less distension. This was 
the case.
The trend toward more dip-slip and less strike-slip movement 
for the Dixie Valley zone is partially explained by the trend also.
The more easterly trend of the north end of this fault system is more 
nearly at right angles to the regional rebound direction (which should 
equal the direction of the basement couple), and it should have a
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greater distensional component and a lesser lateral component. The 
remaining factor that caused dominance of gravity collapse over 
strike slip was the operation of the tension-wrench mechanism itself. 
The first shock opened the tension wrench and withdrew support from 
the wedge-shaped graben block. The second shock dropped the valley 
block by gravity and re-established its support.
One of the most interesting aspects of these two closely 
related events is the 15-km deep focus for the first shock and 40-km 
deep focus for the second. One would at first think that the breakage 
on the tension wrench (the Fairview Peak zone) would be deep and that 
resulting in later gravity collapse would be shallow, but the opposite 
was true if there is validity in the disputed 40-km focal depth. The 
reason might lie in the different rate of strain accumulation that 
caused the two breaks. The strain that led to the first break was 
the slow regional deformation caused by the distributive San Andreas 
couple in the basement. It had been accumulating in the area of the 
first break for probably hundreds or possibly a few thousand years, 
or since the last major faulting in that exact area.
The actual rate of strain accumulation in this area is not 
known, but by analogy one might set an upper limit. Resurvey of 
triangulation nets in the San Francisco area indicates that the rate 
of strain accumulation between earthquakes (i.e., the relative north-
westward displacement of a point a few tens of miles west of the San 
Andreas relative to the position of a similar point well east of the 
fault) amounts to about 2 inches a year (Gilluly, Waters, and Woodford, 
1959, p.  390). Since seismicity in the two areas is caused by the
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same basic mechanism (the San Andreas couple) and since the rate of 
seismic activity (seismic flux) in the two areas is comparable, the 
rate of strain accumulation should be of similar magnitude.
Slemmons (1962) estimated that movement on the new faults 
amounted to between 0.2 per cent and 1 per cent of the total displacement 
on those faults. Thompson (1960, p. 65) used a figure of 15 million 
years for the time required to form the entire Basin Range structure.
Take the conservative figure of 0.1 per cent of the total movement 
per major shock. Moving the decimal, this means that a major break 
should occur every 15,000 years in exactly the same place. In the 
discussion of vertical movement it was indicated that there is some 
basis for feeling that the process could be accelerating with time.
If so, one might expect such a major event perhaps every 5,000 years 
on precisely the same segment of a fault. This means, then, that the 
strain that led to the first shock had been accumulating for a few 
thousand years.
In contrast, the strain that led to the second shock accumulated 
in 4 1/2 minutes. Opening of the tension wrench by the first shock 
took support from the valley block. Not until then did the majority 
of strain that led to the second shock begin to accumulate.
Generally, deformation occurring slowly is more likely to cause 
plastic deformation (creep), while the same amount of rapid deformation 
causes rupture. If the tendency toward plastic deformation increases 
as confining pressure increases, the slow strain accumulation that led 
to the Fairview Peak event could be accommodated by plastic deformation 
in all but the upper, most brittle parts of the crust. This is the
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reason for the shallow focus of the Fairview Peak event. The rapid 
strain accumulation that led to the Dixie Valley event could not be 
accommodated in any part of the crust except by rupture. This allowed 
the deep focus of the second event.
One of the important side effects of the study of this and 
earlier Fallon-Stillwater events was a field confirmation of Byerly's 
fault plane solution method. It was found that in these cases the 
fault plane solution (N 24° W, July 6 event; N 5° W, August 24 event;
N 11° W, December 16 [Fairview Peak] event) agreed with the direction 
of regional adjustment (Fig. 29). In all cases the actual surface 
faulting had a significantly more easterly trend, which is what would 
be expected from the theory presented here.
Since there is this close agreement between theory and observed 
fact, it might be worth while to conjecture as to the mechanics and 
geometry of how an initial northwest-trending break at depth generates 
a north-northeast-trending fault at the surface. To do this, admittedly 
simplified and idealized assumptions will be used. Assume as the 
simplest case that a N 30° W trending basement wrench is centered 
under and generates a N 10° E trending surface fault (Fig. 30). There 
are several ways to accomplish this. (1) One way would be by a reorien-
tation completely accomplished in one zone of uncoupling somewhere above 
the point of initial breakage and below the surface— in this case both 
the surface and basement fault can be perfectly planar (Fig. 30B).
(2) The reorientation might be accomplished on a smoothly curving 
(Fig. 30A) surface. (3) It might be accomplished on a stepped series 
of lesser zones of uncoupling, presumably incompetent layers (the
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Figure 30. Diagrams suggesting possible mechanisms of reorientation 
from San Andreas couple at depth to the Nevada tension-wrench 
trend at the surface.
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intermediate [Fig. 30c] case). (4) It might be accomplished by a series 
of en echelon feather faults at the base of the tension wrench which 
have the opposite sense of those at the surface (Fig. 30D).
In case (1) where the reorientation is accomplished on a 
horizontal plane, there must be uncoupling to some degree that will 
accompany each event. Events in the area would repeatedly utilize 
this same horizon. Movement on the plane at any one place could 
compound, cancel out, reverse itself, or be unidirectional, depending 
upon the location in time and space of successive events. This would 
be a thrust in terms of geometry and would be interpreted as such if 
later exposed at the surface.
In case (2) where there is a smooth transition between the two 
trends, the over-all shape of the fault plane is that of a true-pitch 
airplane propeller, shallow and concave upward at its outer end, 
becoming vertical and then reversing itself at its other extremity.
This would supply a possible explanation for some curved fault planes 
(Moore, 1960) and for the curves and S curves of some ranges (Moore, 
1960; this paper), and it would integrate the two. Irregularities of 
the mechanism on a smaller scale might explain the tendency of many 
strike-slip faults to wander back and forth through vertical.
Case (3) is intermediate between cases (1) and (2), but the 
stepped nature would seem to inhibit gravity tectonics. Case (4) has 
features that agree with the angle of propagation of tension versus 
compression wrenches concept (Fig. 14). There is no reason that all 
these mechanisms could not work in combination. Any one or all in
 
er i t i . C] s ). i ht pli
f l t f r hi
posit f t i . ). 
her r t pli
ri nt l l e, ust upli r t ill
o ent. vent oul t l t
ri . ove ent t l l
pound, cel t, l , r i ir cti al, i
im s ents. hi oul
st r f etr oul
t r . 
her oot io
s, er-all f lt t f i
r pe ler, lo ar t t r ,
i erti l r l t t r t it . 
hi oul l ssi l l t lt l
oore, )  oore,
; per), oul t . larit f
echa i a l r l i ht l i e f a
lt ander o erti al. 
as er i t ), t
ep t oul e i it i i s. as
t it l f at f r
pressi r c es e t i . ). er t ll
echani s l t or binati n. r ll  
82
combination (but especially case [4]) would explain the reason for 
Romney's (1957) oblique fault plane solutions.
binati t ci l oul l i




At least two types of folding of Tertiary age exist in the 
province. Those folds of largest magnitude are exemplified by the 
Snake Range (Drewes, 1958; Whitebread and others, 1962) and by the 
southern Ruby Range (Sharp, 1939, 1942; PI. 13). These folds seem to 
be best explained by sediment draping over large basement blocks. These 
two ranges, especially the Ruby Range, represent two of the largest 
basement uplifts in the province. The Ruby Range exposes an extensive 
terrain of high-grade Precambrian (?) metamorphics in its northern 
parts, but to the south the Paleozoic sequence appears to drape over 
this core. The Snake Range appears to be a huge, doubly plunging 
anticline, over which Late Precambrian-Cambrian quartzites, a major 
decollement surface, and higher Paleozoic beds are draped.
These areas are not only basement highs but also topographic 
highs, which may mean that they are located midway between major tension 
wrenches as depicted in Figure 27. This would seem to be an excellent 
situation for exposure of the basement. The antithetic faulting (a 
form of gravity sliding) would shed the younger parts of the geologic 
column away on both sides. It is significant that above the decollement 
in the Snake Range Whitebread and others (1962) have found tensional 
structures similar in configuration to those in Figure 27, but which 
are confined above the decollement, rather than penetrating the entire 
outer crust to a depth of l- 30 km.
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It seems reasonable that once this tectonic divide had been 
established it might perpetuate itself. Any additional tension wrenches 
developing as a result of additional distension would likely occur on 
the flanks of this tectonic divide in material that had already been 
weakened by antithetic faulting. This tectonic divide is likely to 
have originated with the initiation of Basin Range structure and to 
have persisted since that time. It is possible that it could have 
originated even long before Basin Range breakup. Misch (1960, p. 34) 
indicates that these basement uplifts have displayed a positive tendency 
as far back and even beyond the Early Tertiary. There are indications 
that the San Andreas mechanism was in operation long before the Basin 
Range breakup. Perhaps positive movements occurred in the basement 
before the province was "ripe" (had been epiorogenically elevated 
sufficiently?) for the tension-wrench mechanism to operate. If this 
is the case, more conventional gravity slides rather than the antithetic 
faulting may have already thinned the cover over the basement prior to 
the later, more brittle type of fracturing. Also, any deposition that 
did occur would be likely to be thinner than in adjacent areas, and 
unconformities might be expected to be more prevalent and significant. 
This would give even greater opportunity for the basement to be 
exposed.
Could it be that the flow structures in the migmatites of 
Lamoille Canyon in the central Ruby Range in part represent plastic 
deformation accompanying this positive tendency when the area was 
still deeply buried? This points to two additional important questions. 
In detail what happens in the deep basement during the operation of
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the San Andreas tension-wrench mechanism? Are all the structures in 
these older Precambrian (?) rocks of Precambrian age? Do some equate 
with the Paleozoic and Mesozoic orogenies? Could some even be Early 
Tertiary and related to the San Andreas couple? Consider one specific 
example— the large recumbent fold exposed on the north and east wall 
of Lamoille Canyon (Howard, personal communication, 1963; Armstrong, 
1964). The writer will agree that this structure is most likely to 
be related to a much earlier orogenic event. Until proved, however, 
one should perhaps keep this one additional working hypothesis in mind.
If the axis of that recumbent fold has a northwesterly trend, 
it may bear the same relation to the San Andreas couple as the shallow 
folds along the San Andreas. Second-order folds, thrusts, and compres-
sion wrenches are generated by this large wrench at depths where the 
effect of the free-air surface above allows expansion vertically.
What happens at great depth where confining pressures do not allow 
this upward development? The answer may be that recumbent folds are 
the analogous structure generated at depth. One might expect a transi-
tion in style with depth--with the San Andreas second-order type 
structures near the surface, recumbent folding at an intermediate 
depth (such as in Lamoille Canyon), and perhaps very deep folds with 
steeply plunging axes, such as Clark (1960a) found along the Foothills 
fault zone on the west side of the Sierra Nevada. One more element 
should be added: Basin Range structure sits above all these in the 
vertical scheme. Excessively young age dates in the eastern part of 
Nevada indicate that rocks were deeply buried, or were subjected to 
high heat flow, or both, in Early Tertiary time. The combination of
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this deep burial, high heat, and the San Andreas regional couple may 
have produced more structures and types of structures than has yet been
realized.
An interesting, if indirect, substantiation of this theory 
(Fig. 27) for the origin of the Ruby Range was first noted by Sharp 
(1939), based on geomorphic evidence. The high Rubys, which expose 
the high-grade metamorphic core, are noticeably asymmetric (Fig. 31,
PI. 13). The drainage divide (DD) is located away to the east side 
of the range, at the top of the straight, steep, undissected eastern 
frontal scarp. The high points of the range (i.e., Ruby Dome [RD]) 
are located a few miles to the west, at the west ends of east-west 
ridges branching from the main eastern divide. There are practically 
no canyons east of the main divide, but deep and spectacular canyons 
(Lamoille, Seitz, etc.) start at the main divide and pass westward 
through the higher western part of the range, where they intersect 
the western frontal scarp. Because of this the western scarp is 
extremely dissected relative to the eastern.
This situation could be explained structurally by three 
separate (though perhaps mutually overlapping) movement episodes and 
a reversal of tilt (Fig. 32). (1) The block tilted west by movement
on the eastern frontal to establish the eastern divide. (2) The block 
tilted east with enough displacement on the western frontal to bring 
the western side of the block higher than the eastern. The movement 
was slow enough that the west-flowing streams were able to maintain 
an antecedent course through the higher west side of the range, resulting 
in the deep canyons. (3) Movement again occurred on the eastern
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Figure 31. Diagram illustrating a possible tilt-block history for 
the development of asymmetric structure in the Ruby Range.
Figure 32. Structural mechanism for the evolution of the Ruby 
Range based on the structural situation presented in Figure 27. 
Stage 1— initial. Stage 2— westward tilting on east-dipping 
curved faults. Stage 3--slow eastward tilting on west-dipping, 
overlapping curved faults. Stage 4--further lowering of the 
block east of the range on east-dipping fault.
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frontal, dropping the valley block to the east and exposing the extremely 
youthful eastern scarp. Any accompanying westward tilting was not enough 
to bring the east side of the range higher than the west. This last 
movement may not have been tilting of the Ruby Range block, but merely 
lowering of the valley block to the east (by slippage and rotation of 
that block away from the tectonic divide). This is substantiated by 
the tilt of the Tertiary Humboldt sediments toward the range on the 
down-dropped block on either side (Sharp, 1942, Fig. 3). It is also 
in agreement with the concept presented by Moore (1960) of tilting 
toward regional topographic highs.
If we accept the concepts embodied in Figure 27 and consider 
that those rotational fault planes dipping east and those dipping west 
overlap by the width of one range (or more), there is a simple mechanism 
to explain the formation of the asymmetrical Ruby Range. This is shown 
diagrammatically in Figure 32. (1) The range tilted west on an
east-dipping curved fault plane. (2) The range tilted east on a 
west-dipping fault plane that overlapped the first by at least the 
width of the range. (3) The block east of the range was lowered still 
more on an east-dipping rotational fault plane to expose the youthful 
eastern frontal scarp. It would seem to be more than coincidence that 
the most accentuated basement uplift is also a topographic high in its 
area and that it is geomorphically the most asymmetric of any of the 
ranges.
In southern Nevada, Longwell (1945) found a set of low-angle 
(10°-15°) normal faults, slightly concave upward, which dip under an 
anticlinal uplift on its flanks. These agree very well with the
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hypothesis presented here for the Ruby Range. They would seem to 
substantiate the concept of normal faults flattening with depth and 
also the concept of overlapping sets dipping in opposite directions.
Hafner (1951) used a completely theoretical approach based on 
stressing of crustal blocks to arrive at the potential fault pattern.
One specific example (PI. 1A opposite p. 384--Fig. 33, this paper) 
was designed to simulate the Basin Range situation. He used different 
parameters from those used here (10 miles versus 16-30 km for crustal 
thickness, 31.4 miles versus 15 km for wave length of the ranges).
He assumed the driving force to be vertical uplift rather than the 
tension-wrench mechanism. The similarities include: (1) eastward 
and westward dipping sets of normal faults which are concave upward 
and which mutually overlap over the axis of the uplift; (2) an area 
of less faulting deeper in the crust in the axial area of the uplift;
(3) the possibility of rebending of the fault planes into an S curve 
with depth; (4) the possibility of deeper and deeper faults of these 
sets becoming more and more flat, until low in the crust they appear 
as nearly horizontal thrusts.
There may be "second-order" upward movement (both in an absolute 
sense and a relative sense) at the outer edges of rotated blocks 
(Fig. 21, arrow [6]). This depends on the width of the block and 
upon the radius of curvature of the fault plane, and upon whether 
at depth the fault plane is circular or hyperbolic in section. From 
the geometry it would seem that for absolute upward secondary movement 
the radius of curvature of the fault plane would have to be less than 
the width of the block. Absolute upward movement would seem to be
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Figure 33. Theoretically deduced fault patterns for the Basin Range province. Note 
similarity between these and the concepts presented in Figure 27. From Hafner (1951).
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facilitated by a hyperbolic shape to the faults in section, and the 
possibility may exist that they even reverse themselves with depth to 
form an S curve. It might be wondered if antithetic faulting is not 
characteristic of the upper regions of large gravity slides, as the 
findings of Whitebread and others (1962) indicate, just as it is at 
the top of smaller landslides. If so, it might provide an effective 
disguise for the tectonic denudation.
Referring again to Figure 27, note that some of the faults 
along the front of a range may actually dip under the range. The 
sense of displacement might appear to indicate reverse faulting at 
the edge of the range, yet they are normal faults and caused by 
distension and gravity tectonics and not by compression.
If the concepts of Figure 27 are extended so that overlapping 
of east-dipping and west-dipping antithetic fault blocks is extensive, 
a complex situation might arise. Blocks might be tilted in a random 
manner at random degrees of tilt due to the interaction of the two 
fault sets, giving complex tilt-block structure (Fig. 34). This, along 
with the presence of earlier folds parallel to the ranges, may be the 
reason that a significant though subordinate number of theories seeking 
to explain the Basin Ranges (see Nolan, 1943, p. 178-179) have embraced 
east-west compression in the outer crust.
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Figure 34. Mechanism for the development of complex tilt-block 
structure by the interaction of two overlapping sets of curved 
antithetic fault planes.
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THE EFFECT OF THE BATHOLITHS
The present distribution of Late Mesozoic batholiths in 
western North America is shown in Figures 35 and 36 and Plate 14. If 
the concepts presented by Carey (1958), King (1959), Deutsch (1960),
Wise (1963), and this paper are correct, the present reverse S curve 
of the Idaho and Mendocino oroclines (Fig. 35) may have been essentially 
straight prior to deformation. A similar concept has been advanced by 
Hill (1954) and Curtis, Evernden, and Lipsom (1958, p. 15) for the 
Transverse Range area in California (Fig. 35). In that case the 
supposition of a formerly straight Sierran-Franciscan basement contact 
is the main argument for the 350 miles of total displacement postulated 
for the San Andreas (Crowell, 1962, p. 49). The only difference between 
these two breakthrough zones in the batholith appears to be that the 
northern one is distributive and the southern one is sharp.
In the case of the Idaho-Mendocino oroclines it should be 
noted that many of the fundamental geologic lines in the western 
United States follow this same reverse S pattern (Figs. 36, 37, 38).
It has been argued by Wise (1963), largely on the basis of the distribu-
tion of metallogenetic zones in time and space, that this curved pattern 
cannot be explained on the basis of original variations in the trend 
of the geosyncline.
If this same zone of oroclinal yield is followed northwest 
(Fig. 36), it encompasses first the Columbia Plateau basalt province
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Figure 35. Map of California showing areas of crystalline 
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Figure 36. Map showing the disposition of batholithic, volcanic, 
and metamorphic terrain and structural trends in relation to 
Idaho-Mendocino oroclinal folding. From King (1959).
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Figure 37. Areas of known or inferred orogeny, 
siliceous plutonism, and siliceous volcanism 
in Cambrian through Triassic time in the western 
United States. Note flexure of major features 
due to oroclinal deformation. From Gilluly 
(1965).
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Figure 38. Volcanism, tectonism, and plutonism in 
the Cretaceous in the western United States. Note 
oroclinal flexing. After Gilluly (1965).
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and then the Ridge and Trough province in the eastern Pacific (Menard 
and Deitz, 1951; Menard, 1955). Followed on trend southeastward, the 
same zone encompasses the Basin Range province. Since structural elements 
in both the Basin Range and the Pacific Ridge and Trough provinces have 
the same orientation (i.e., the Nevada trend), and since they both lie 
along the same zone of yield, it seems most logical that both should 
have been formed by the same mechanism.
The question arises as to whether the distribution of breakthrough 
zones in the batholith (Figs. 35, 36) is the result of original variations 
in the rigidity of the once continuous batholith or whether they were 
controlled from outside this zone. There seem to be arguments for both
cases. The fact that the segment of batholith between the Sierra and
7
Idaho batholiths has not been unroofed (Fig. 36) suggests either that 
there has been less uplift since its emplacement or that it was emplaced 
at a lower level in the crust. This in turn suggests less cause for 
uplift and isostatic adjustment. All these features would seem to 
indicate the presence of less light batholithic material below this 
zone and thus less resulting rigidity in the crust (see "Oroclines 
versus Folded Thrusts")*
Conversely, it seems logical that the configuration and position 
of the edge of the cratonal basement (the Wasatch line; see Eardley,
1962, Fig. 6.1) relative to the direction of the parent first-order 
couple must have exerted some control both on the position of the 
breakthrough zones and on the shape of the Basin and Range province.
The difference between the compact Canadian Cordillera and the sprawling 
United States Cordillera must originate from the configuration of the
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two great blocks in combination with the orientation of the couple 
between them. It may be that the structure has remained compact to 
the north because the boundary between the ocean and continental blocks 
is relatively straight and the couple between them is nearly parallel 
to this boundary. In this case, there would appear to be little cause 
for the development of stresses that would cause a secondary couple of 
the San Andreas orientation that would cause spreading. On the southwest 
corner of the continent, however, it is easier to visualize this situation
developing
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THE EFFECT OF TECTONICS ON THE BATHOLITH--A PRESSURE 
RELEASE MECHANISM FOR EMPLACEMENT
Pertinent Considerations
The mechanism proposed in this paper may have had any effect 
on the emplacement (both in time and in space) of the batholiths. The 
following are some of the considerations that are pertinent to this 
topic:
1. If the palinspastic reconstruction of the Idaho and 
Mendocino oroclines and of the San Andreas fault is correct, the 
batholiths, when emplaced, were much straighter and more continuous 
than they are today.
2. It seems reasonable that the entire mass was emplaced very 
near to and parallel to the continental margin. The Coast Range and 
Peninsular Range segments are still in that position. The Sierra-Klamath 
segments regain that position if the effects of the San Andreas faulting 
are subtracted (Fig. 35). The Idaho segment regains that position if
the effects of the Idaho-Mendocino oroclinal folding and the Tertiary 
sedimentary and volcanic fill of the resultant structural embayment 
are subtracted (Fig. 36).
As an indirect substantiation of the above concept, it could 
be noted that the Late Tertiary andesitic volcanoes the entire length 
of western North America are rigidly controlled as to distance from
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the edge of the continental block (PI. 14). They are not nearly as 
rigorously controlled by the present configuration of pre-existing 
structures. For example, Marysville Buttes lie on the west side of the 
Sierra Nevada block, Mount Lassen on its crest, Mount Shasta between 
the Sierra Nevada block and Klamath block, the main Cascade volcanoes 
well to the west of the deformed batholith but not sharing its bend, 
and those in British Columbia to the east of the batholith. Thompson 
(1956) points out that the mid-Tertiary andesites of the Comstock area 
are similar in bulk chemistry to both the older Sierran granodiorite 
and the nearly contemporaneous Davidson granodiorite, suggesting a 
similar magma source. The Late Tertiary andesitic volcanoes of the 
Cascades may not be vents for buried plutons of the bulk of those formed 
in the Late Mesozoic. On the other hand, both spacial and chemical 
similarities suggest a kinship, at least in terms of control, if not in 
terms of a parental relationship. Badgley (1965, p. 414) points out 
that Gorshkov has postulated the existence of a large magma chamber 
at 55 km depth under the volcanic belt that exists between Japan and 
the Kamchatka Peninsula. This is based on the fact that shear waves 
are not propagated between the two areas. In this case also, the 
volcanic chain closely parallels the Pacific margin.
It should be pointed out that the well-known megathrust zone 
that controls many circum-Pacific continental margins (Benioff, 1954) 
is an equally effective mechanism for causing a volcanic chain (or a 
subjacent magma chamber) to be formed rigidly parallel to the edge of 
the continental block. This thrust, however, seems to be associated 
with areas of continents and island arcs that are bordered by trenches.
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There is no trench associated with the middle North American continental 
margin, though trenches are found both off Alaska and off Mexico, and 
they may have existed here in pre-Tertiary time. In contrast, the 
Cascade volcanoes are recent features (Mullineaux and Crandell, 1960).
This does not preclude the fact that this Tertiary strike-slip zone 
could have inherited its position from a pre-existing "Benioff" shear 
zone. Nevertheless, while the volcanoes were forming, the zone seems 
to have had strike-slip characteristics. Emmons (1965) feels, from 
his work with models, that the circum-Pacific "Benioff" shear zones 
dipping under the continents can be generated by strike-slip movement. 
Badgley (1965) also considers this possible but confines his strike-slip 
hypothesis to those zones having a straight rather than arcuate trend.
3. Gilluly (1963) stresses the close confinement of batholiths to 
the centers or east sides of the eugeosyncline. The same reasoning used 
for the batholith would thus also apply to the eugeosynclinal-miogeosynal 
contact. During the depositional phases of the geosyncline it also must 
have been near to and parallel to the edge of the continent, and much 
straighter.
4. Knopf (1955) has documented and Gilluly (1963) has empha-
sized the huge bulk of plutonic rock emplaced in Late Mesozoic time. 
Although most other features of orogeny appear to progress in a grossly 
uniform manner (sporadically continuous), the emplacement of batholiths 
has been catastrophic. Gilluly (1963, p. 166) says, " . . .  The 
overwhelming majority of great granitic intrusions [in western North 
America]--fully a hundred and perhaps a thousand times the bulk of all
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the rest together— were emplaced in an interval of perhaps 30 million 
years, say five per cent of Phanerozoic time."
5. The San Andreas (Crowell, 1962) and the large strike-slip 
faults along the coast of British Columbia and Alaska (St. Amand, 1957, 
1961) are examples of present-day tectonic styles near the present 
continental margin and parallel to it.
6. Pre-Tertiary orogeny in the Cordilleran geosyncline seems 
to have been dominated by compression normal to the continental margin. 
This is evidenced by the north-south-trending Paleozoic and Early 
Mesozoic fold and thrust structures in Nevada (Nolan, 1943; Roberts
and others, 1958; Silberling and Roberts, 1962). The generalization 
becomes even more valid if deformation by the Mendocino-Idaho oroclinal 
folding is subtracted.
Based on the major premise of this paper, Tertiary orogeny has 
been dominated by the effects of a right-lateral couple more or less 
parallel to the coast, acting between the oceanic and continental 
blocks. See Wallace and others (1960) and Figure 39 for a specific 
example of this rotation.
7. There is no close association of plutonism and orogeny 
(Gilluly, 1963). Batholiths are rigidly confined to the cores of 
orogenic belts, but the reverse is not true. Many otherwise strong 
orogenic episodes are not accompanied by emplacement of significant 
quantities of magma (e.g., the Mississippian Antler orogeny of central 
Nevada, Roberts and others, 1958).
8. There was an eastward migration in time of emplacement of 
the separate plutons that make up the Sierra batholith (Bateman and
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Figure 39. Structural history of the Coeur d'Alene 
district, Idaho, showing the development of an' 
oroclinal fan. From Wallace and others (1960). 
Note that the stress reorientation with time 
agrees with the major premise of this paper.
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others, 1963). There was a similar eastward migration of the Cascade 
volcanoes (Peck, 1960). There is also a tendency for both Sierra 
Nevada plutons (Lyden, 1962) and volcanics of the Columbia Plateau 
area (King, 1959) to become more acidic and more varied eastward.
Theory of Emplacement
Any theory of emplacement should explain or at least be 
compatible with the majority, and hopefully all, of the above factors.
A possible mechanism might be argued as follows:
A catastrophic event such as the emplacement of the huge Late 
Mesozoic batholiths should have been caused by an equally catastrophic 
set of conditions. There is one such event in the factors listed— the 
change in stress pattern from compression approximately normal to the 
continental margin (Paleozoic and Early Mesozoic) to a right-lateral 
couple approximately parallel to the continental margin (Tertiary).
The exact time and rate of shift of this stress pattern is as yet 
conjectural, but it seems either to have coincided with or spanned 
the time of emplacement of the batholiths.
Next it must be remembered that the continental margin was 
straighter then than now, and that at present large wrench faults are 
found just inland from the continental margin. Prior to the time of 
emplacement, there had been deposition of over 50,000 feet of eugeosyn- 
clinal sediments and volcanics along this continental margin (Roberts 
and others, 1958). This thickness was tectonically increased by 
intermittently continuous compressive orogeny in the area of the 
Sierra Nevada throughout most of Paleozoic and Early Mesozoic time
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(Gilluly, 1963, p. 138-146). Thus sediments were depressed to extreme 
depths, resulting in a weak, warm, and mobile lower crust. In total, 
however, the orogenically thickened crust was becoming increasingly 
rigid and capable of preventing east-west shortening by the decreasing 
compressional component normal to the continental margin. This accounts 
for the halt of major thrusting at this time.
A mechanism often suggested both to cause syntexis at the base 
of the crust and to facilitate upward migration of magma is that of 
lowering the melting point by a decrease in pressure (Mayo, 1941;
Gilluly, 1960; Badgley, 1965). Conversely, Turner and Verhoogen 
(1960, p. 444-446) feel that pressure lowering along a fault should 
be of too small magnitude and too transitory to trigger melting. The 
present writer suggests that, at least in this special situation (both 
as to scale and as to stress), their objections may not apply. Signifi-
cant pressure reduction and resultant lowering of the melting point may 
have occurred by a variety of mechanisms:
1. Rotation of the greatest compressive force from a position 
approximately normal to one approximately parallel to the continental 
margin and the potential shear zone should correspondingly decrease 
the component of compression normal to the zone. (The field geologist 
can easily visualize a common analogy. When he stands upright on a 
steep pitch of rock, his feet hold, but as he leans inward toward the 
rock they eventually begin to slip. This is because the component of 
his weight normal to the slope is decreased, with a corresponding 
decrease in friction between his feet and the rock.)
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It may be significant that the angle of rotation between the 
Paleozoic and Tertiary orientations of the stress directions could have 
been much less than 90°. The situation may be similar to the critical 
angle of reflection seen in light, where an angle of incidence just 
greater than the critical angle will produce almost total refraction 
into the denser medium; in contrast, an angle of incidence just under 
the critical angle produces almost total reflection from its surface. 
Similarly, a stress direction only slightly more normal to the conti-
nental margin than some critical angle might produce dominantly 
compressive orogenic effects in the bordering geosyncline. When the 
angle of incidence of this same force is lowered below this critical 
angle, resolution of forces demands a greater component parallel to 
the continental margin and shearing may begin, completely absorb the 
stress, and thus initiate an entirely different tectonic style. A 
shift of only a few tens of degrees rather than 90° might do this.
2. It is a simple fact of mechanics that in most cases more 
stress is required to cause an initial shear than is required to 
reactivate the already formed shear zone. This should remain true 
until a significant reorientation of stress fields is accomplished.
The concept is not at odds with the fact that individual faults often 
fold and "lock" in position, with the movement transferred to a sister 
fault. In the over-all picture, especially on the scale here referred 
to (a shear extending the entire length of the continental margin), a 
zone once sheared should thereafter yield more easily. This factor 
should be especially important where the compressive stresses in the 
crust are obliquely oriented toward the shear zone (i.e., in a
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compression wrench). In this case any limitation on the amount of 
stress that can accumulate prior to movement also causes a limitation 
on the component of the compression normal to the shear zone. At the 
depths of magma generation this would in turn be reflected by a limita-
tion on confining pressure and a corresponding lowering of the melting 
point.
3. Benioff (1954) has calculated that heat liberation as a 
result of earthquakes themselves, but more importantly as a result of 
associated slowly released creep strain, amounts to approximately half 
the total seismic energy produced during the main event. It follows 
that total heat liberation should be proportional to total displacement. 
It also seems logical that heat liberation per unit of movement should 
be higher the greater the component of compression normal to the shear 
zone.
Even in terms of magnitude, then, wrench faults should have 
a far greater capacity for generating heat than normal, reverse, or 
thrust faults. This is easily seen by considering the greatest probable 
displacements on each type (normal and high-angle reverse faults— a 
few tens of thousands of feet; low-angle thrusts— a few to several 
tens of miles; wrench faults--a few hundreds to several hundreds of 
miles).
There is, however, an additional factor which should make 
wrench faults even more disproportionately efficient as rock melters. 
Considering the cross section of a geosyncline (Fig. 40), there should 
be one zone paralleling the structural trend, limited both as to depth 
and as to lateral position, in which conditions are optimum for the
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Figure 40. Diagram illustrating the relative efficiency of 
different types of faults to promote melting. The section 
is transverse to the trend of the eugeosyncline. Circle 
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generation of magma. In cross section, this zone might be represented 
by the small circle. Superimposing various types of faults on this 
circle is instructive. The normal and reverse faults move material 
immediately out of the optimum zone to higher or lower levels in the 
crust (Fig. 40A). The thrust fault moves material in the upper plate 
both upward toward the surface and outward away from the center of the 
geosyncline. Also since many of the big thrusts appear to be confined 
entirely to the shallower sedimentary cover they may not even penetrate 
to the depth of optimum magma formation (Fig. 40C). In the case of 
gravity slides, they would tend to strip the insulating cover off the 
top of a forming magma chamber.
In contrast, the wrench fault here under consideration (Fig. 40B) 
would displace material neither to different elevations in the crust 
(since movement is dominantly horizontal) nor to different positions 
in the geosyncline (since it is a shear down the length of the middle 
of the eugeosyncline). To the present writer the conclusion is impres-
sive: if there had been 350 miles of movement on this great wrench, 
as there appears to have been on the San Andreas, rocks at a certain 
depth would have been subjected to optimum heat-generating conditions 
throughout the entire 350 miles of movement.
4. The development of a melt along a wrench fault should 
further reduce the stress required to bring about movement and therefore 
pressure release. In crude terms, it would lubricate the zone.
In the Sierra batholith, Mayo (1941) found evidence in strong 
support of the history postulated here. He points out the strong 
northwest-southeast grain of the country rock and suggests that melting
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took place in response to lowering of pressure in oroclinal drag folds 
produced by right-lateral movement. His map (Fig. 41, this paper) 
displays plan-view contortions of schistocity, cleavage, and xenolith 
alignment that strongly suggest this type of movement during emplacement. 
Badgley (1965) endorses this interpretation, points out how well it fits 
the regional picture, and states that White (1959) has found the same 
type of features and has suggested the same mechanism for the Coast 
Range batholith.
Besides the already emphasized regional features supporting 
the existence of a right-lateral couple, there are two specific features 
on either side of the batholiths that lend strong support to the proposed 
history: (1) Albers (1964) has described oroclinal folding of Jurassic
age in the Walker Lane area just east of the Sierra batholith. This 
folding appears to have taken place at about the same time as or just 
prior to emplacement of the first plutons on the west side of the 
batholith (e.g., the Rocklin pluton, Curtis, Evernden, and Lipsom,
1958; Lyden, 1962). (2) Clark (1960b) has found that the Foothills
fault zone on the west side of the Sierra Nevada was also active at 
this time. He also indicates that drag folds and lineations associated 
with this fault zone plunge steeply, suggesting strike-slip stress 
fields.
Hydraulic Jack Effect
The "hydraulic jack effect" presented by Moody (1961) has 
intriguing possibilities as a mechanism for causing uplift over a 
zone of batholith emplacement along a major wrench fault. According
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to Moody's concept, "once material is mobilized in a compressional 
environment, it could transmit pressure more or less hydraulically, 
which might result in a hydraulic jack effect directed largely upward."
According to the concepts presented in the present paper, the 
batholith was emplaced during a time of decreasing cross-strike compres 
sion caused by a counterclockwise rotation of stress fields. It has 
been emphasized, however, that the rotation of stresses was likely to 
be much less than 90° and therefore a cross-strike compressional 
component still existed at the time of emplacement. There is as yet 
no conclusive evidence as to the timing of the folding of the 
Mendocino-Idaho oroclines. On the basis of the analogy with the 
folded sedimentary sequence, resistance to folding should have been 
least when the later most competent bed (the batholith) was still 
plastic. This argues for oroclinal folding and batholith emplacement 
at least overlapping in time.
Assume that the primary forces producing the couple had rotated 
to a direction 45° to the continental margin and that the oroclines had 
developed until their mutual limb was also oriented 45° to the same 
margin. Under these conditions, the north-northwest-oriented segments 
of the batholith (the Peninsular-Sierra and the Idaho-Coast Range 
segments) should still be under a considerable cross-strike compression 
deep in the crust. The mutual limb between the Mendocino and Idaho 
oroclines (Fig. 36), in contrast, should have no cross-strike compres-
sional component. Notice that those areas that should have had the 
cross-strike compressional component and therefore subjected to the 
"hydraulic jack effect" have all been greatly uplifted and unroofed.
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The one area where this effect should have been minimal is the one area 
that has been least uplifted and where the batholith is still concealed.
In principle we must not forget that hydraulic pressure is 
omnidirectional. It should have been depressing the root and also 
pushing sideward at the same time that it was raising the roof.
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DEVELOPMENT AND LATER MODIFICATION OF THE 
SHEAR ZONE EAST OF THE BATHOLITH
General Considerations
At the time of final consolidation of the huge, straight, and 
continuous batholithic mass it would seem logical to expect an equally 
linear and continuous shear zone to develop cratonward. This shear 
zone has been highly disrupted by later modifications, but remnants 
of it can be picked out and its history deduced. In each case, these 
remnants lie just interior to the edge of the batholith.
In Canada, the Rocky Mountain Trench has this position east of 
the Coast Range batholith. It is extremely straight over-all, and the 
linearity of its bounding scarps (Badgley, 1965, Fig. 5-27) strongly 
suggests a strike-slip origin, as has been proposed by Carey (1958) 
and Deutsch (1960). In terms of the history postulated by the present 
writer, the Rocky Mountain Trench and the Canadian Cordillera are in a 
more primitive stage of development than their counterparts in the 
United States. They have not been subjected to the later stage 
extension tectonics that characterize the area to the south.
This leaves for discussion the area between the Walker Lane 
and the Rocky Mountain Trench. It might be expected because of the 
oroclinal deformation that this would be one of the most obscure 
portions of the once continuous shear zone. If present at all, one
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should expect evidence of the structure in the area north and east of 
the north end of the Sierra Nevada and south and west of the Idaho 
batholith. At least two otherwise anomolous large structural features 
can be explained in terras of this origin. They are the Smoke Creek-Black 
Rock depressions (hereafter called the Smoke Creek structure) and the 
Snake River downwarp. Present-day seismic patterns in Nevada, 
northeastern California, and eastern Idaho may also form a logical 
pattern in terms of these structures. It is suggested that both the 
aforementioned structures were initiated as Walker Lane-Rocky Mountain 
Trench type structures prior to the Mendocino-Idaho oroclinal deformation.
For the most part, the simple, linear San Andreas rift style has 
been obliterated. With the later development of Basin Range structure 
these old shears were structurally reworked by tension wrenches and 
were covered by later volcanics and deep valley fills. Remnants of 
this old primary shear are suggested in the linear valley that extends 
both northeast and southwest from Summit Lake northwest of the Black 
Rock Desert (Pis. 2, 3, 12). The structure parallels the gross trend 
of the Smoke Creek structure just to the south and east of it. It 
should be pointed out, however, that Bonham (1962) found no measurable 
displacements in this zone.
In contrast to the Summit Lake structure, the Smoke Creek 
structure is much larger, deeper, and less linear, and has a noticeable 
reverse S curve (PI. 2). It may be that this larger structure, in its 
earlier stages of formation, had a simple linear shear style like the 
parallel valley to the northwest. As the region was rotated by oroclinal 
folding, the Smoke Creek structure was slowly transformed from a primary
.. 
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San Andreas type shear to a secondary tension-wrench type. It has 
continued to be rotated even beyond the normal tension-wrench■(Nevada 
trend) direction. For some reason, possibly related to the disposition 
of batholithic material at depth or merely to degree of development, 
the more southerly Smoke Creek structure absorbed all the distension 
in the immediate area and thus took on block fault characteristics.
Mechanics of Yield within 
the Mendocino Orocline
The area of Pyramid Lake and the Smoke Creek Desert appears 
to be critical, since it represents the intersection of important 
northwest (Walker Lane) and northeast (Smoke Creek) trends and because 
it lies near the center of curvature of the Mendocino orocline (Pis. 1, 
2, 14, 15). The geologic map of Washoe County (Bonham, in press) will 
give valuable information concerning it. Short of this the gross 
disposition of ranges, basins, and scarps can provide valuable clues 
to the development of the area.
The ranges southeast of the Smoke Creek structure are strongly 
bent toward the east at their north ends (Pis. 2, 15). The Selenite 
Range east of the Granite Creek depression has a nearly north-south 
trend over-all, but it actually consists of several segments, each 
of which is oriented more toward the northeast and is concave toward 
the east (PI. 15). The continuation of the south end of the Granite 
Range across the east end of the Smoke Creek Desert has a noticeable 
reverse S curve. Bonham (personal communication, 1965) feels that as 
the Walker Lane type shears are traced northward through the north end
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of Pyramid Lake and north of the Smoke Creek Desert they begin to 
splay out in a radiating manner and are lost. Standing in sharp 
contrast to the Smoke Creek structure is the youthful 5,000 foot 
north-northwest-trending western scarp of the Granite Range (PI. 15).
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SEISMIC PATTERNS RELATED TO THE MENDOCINO OROCLINE
The extensive references to the Mendocino and Idaho oroclines 
may give the distorted impression that they are the center of the 
entire structural problem. The situation is best put in perspective 
by comparing it with a fold in a sequence of sediments. The fold 
actually affects the entire thickness of sediments (from well out in 
the northeastern Pacific to well into Mexico). The named oroclines 
represent merely the most distinctive marker horizon— the one that 
can best be used to measure the deformation. The deformed batholith, 
however, does have one important trait. It, in effect, is the most 
massive and resistant bed in the sequence, and it partially controls 
deformational style in the adjacent "underlying" and "overlying" less 
resistant rock.
The pattern of historic earthquakes seems to substantiate the 
development of the oroclines and can be integrated with it. There are 
two main seismic zones in Nevada (Slemmons, Jones, and Gimlett, 1965) 
and a third in the extreme east side of the Basin Range province, along 
the Idaho-Wyoming border and south along the Wasatch line (Fig. 42):
1. The western Nevada-eastern California zone is bounded on 
the west by the scarp of the Sierra Nevada and on the east roughly 
by the Walker Lane (the Pyramid Lake-Walker Lake-Soda Spring Valley 
alignment). This zone seems to be narrower and more active at its
r  
S CI LI  
t e endoci l e
a i pr s t t r
ti r l . tu io st t r ct
pari it ents.
t l t ti c ent from ell t
rt t acifi ell exico). l
t erel ost i arker r -- t
st easur ati . rm t olit ,
ever, port t it. t, ost
assi t ce, rti l tr l
ati al j t erl r
t . 
t i h st ti t
o ent l it er
ai s i e a em ons, es, i le t, ) 
rem t asi a i e,
daho-W i r r t asat in i . ): 
. The western Nevada-eastern California zone is bounded on 
est i e a st l
alker i alker r all
ig ent). hi o er or t  
120






I '•,,. J .• .• I • • • // .. .· ,-·. • I o' •• •• <:><. ' ·/ • ,, ............. ·-·... -:it : I 
. •• ••• _<>+~ / o""~ .•. · I 
\ --···-------- ... / ' 
r"i'\~~r~;:;>"":'.'.'.::~_J-::--::;-=··~··.~--~-~~~-~~-~iv~e~r~· -~-~--~·L··~~/~/~~0c:~q,j 11t \ _.... .,:_!. ••• -\\ / ,,., / : / / ,,. / . 
\ \ //:· /?/ \ ·; / 
\ A. / ..,... / \ 1/1 I '---I 
,-~, I .. / -
\ -0 \' / -~ \ . Q) / \% I I \ <fl 
\ \ ',, -~ I . \ I 
' cf' I \ I 
'~ \ I I . I I I ; I 
\ I 
\ I 1' \ \ / I I \(9 \\ I QI I 
\.... / C, . 
\\· \ / C' / 
\" \ I c, / 
\ \ \ / Q:- I \N 
\~ 
\19 \ \ :. ,' 
\ \ \ 1/1 
I .. ... \ \. o \\ . . \ ', -·" ,, ·. ..... 
\. •• • Cc O \) \'' \ \ .... ... •( \ \ ······ 
GOf\oC \ \ ' ', ' 
\. ' 
i r . ist o s i asi
a i ce. 
121
northern end. It accounts for 6 of the 21 historic earthquakes in the 
Nevada area that produced surface faulting.
2. The second zone has been called the "Churchill arc" (Shawe, 
1965). This zone approximately parallels the 118° meridian between 
38° and 41.5° north latitude, but it arcs east of that line at its 
north end. Thus it is convex toward the west, and when considered in 
its entirety, the individual faults within it form an over-all en 
echelon pattern suggestive of right-lateral movement (Fig. 43). Except 
possibly at the very north end of the zone, detailed patterns on 
individual faults within the zone are strongly suggestive of the same 
right-lateral movement (see "The Dixie Valley-Fairview Peak Earthquake,
A Tension Wrench in Action," and Figs. 2-7, 9). Both Shawe (1965) and 
Slemmons, Jones, and Gimlett (1965) have pointed out the greater tendency 
toward strike-slip movement at the south end of the zone. The general 
name for the over-all seismic high on the west side of the Basin Range 
province, including both the western Nevada-eastern California and the 
Churchill arc seismic zones, as well as their southward extension 
through California and into the Pacific, is the "Ventura-Winnemucca 
zone" (Slemmons and Ryall, 1966).
3. The third zone coincides with the east edge of the province. 
There is an especially active area where it is crossed by the east end 
of the Snake River downwarp near the common junction of Idaho, Montana, 
and Wyoming. The intense thermal activity of the Yellowstone Park area 
and the severe Hebgen Lake earthquake of 1959 are associated with it
(U. S. Geol. Survey Prof. Paper 435, 1964).
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Figure 43. Distribution of historic surface faulting 
in the Churchill arc. Note arcuate pattern. From 
Shawe (1965).
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nmclines versus Folded Thrusts
It may be possible to gain insight into the development of the 
oroclines, the northeast-trending structures, and the distribution of 
seismic zones by considering a similar geometric situation in a smaller 
model. The model is the fold in the Roberts Mountains thrust in the 
northern Shoshone Range (Gilluly and Gates, 1965). These authors were 
able to establish the fact that the sole of this great thrust sheet 
was being folded while movement on the thrust was still in progress.
This caused a discernible pattern and sequence of imbricate thrusting 
in the upper plate (Fig. 44). The mechanical cause is quite simple.
As the active thrust sole began to fold, movement was impeded and it 
froze. A new thrust formed on a line with the segment of the main 
thrust "behind" the fold. As movement continued, the process repeated. 
Thus the latest straight-line extension off the crest of the fold was 
the active fault at any one time.
There is one variation of this mechanism that might have 
accomplished the same results in the case that upward stress relief 
in the upper plate had been inhibited (i.e., perhaps if the upper plate 
had been much thicker). The younger fault could have short-cut through 
the center of the fold (Fig. 45). If we turn this model on its side 
and consider that the fold is the size of the Mendocino-Idaho oroclines, 
several features of the Basin Range province fall into place (Figs. 36, 
42).
In Figure 42 the heavy dashed line represents the postulated 
present-day position of the original continuous shear zone that formed
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Figure 44. Mechanics of faulting during folding of the Roberts 
thrust. Faults numbered in order of development. Modified 
from Gilluly and Gates (1965).
Figure 45. Alternative mechanism for faulting during the folding 
of a thrust in the case where there is more confining pressure 
above. Faults numbered in order of development.
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interior to the originally continuous batholith, prior to oroclinal 
deformation. Note the similarity of this shape to the shape of other 
geologic lines in the area (Figs. 36, 37, 38) and to the shape of the 
folded portion of the Roberts Mountains thrust (Fig. 44).
It is the writer's belief that the western Nevada-eastern 
California seismic zone is the mechanical equivalent of thrust 4,
Figure 44. It is the straight-line extension of the Walker Lane segment 
of the old interior shear zone, through the developing Mendocino orocline. 
It is the direction of least shear resistance, toward the only available 
surface of least resistance (the edge of the continental block).
Perhaps the abnormally regular, though curved, scarps in the 
area to the north of the Smoke Creek structure, such as the Steens 
Mountains in Oregon, the Granite Range and the sides of Long Valley in 
northern Washoe County, Nevada, and the Warner Range, California (Pi. 2), 
represent intermediate phases of this mechanism as is the case of 
thrusts 2 and 3 in Figure 44. Much of their relief may be due to the 
effects of tension wrenching later in their history. Similar timing 
and mechanisms have been suggested by Donath (1962) for adjacent areas 
in Oregon. The tendency toward being curved, and especially toward 
displaying reverse S curves (Pis. 1, 2, 3), is likely to result from 
an interplay of all three of the basic mechanisms suggested in Figures 44, 
45, 46, and 47. On this basis, the Smoke Creek structure (a representa-
tive of the original shear zone) should be the oldest and least active.
The straight-line extension east of the Sierra frontal scarps should 
be the youngest and seismically most active. The western Nevada-eastern 
California seismic zone substantiates this.
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Figure 46. Generalization of the tension-wrench mechanism.
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Figure 47. Generalization of the San Andreas regional shear mechanism. 
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The noticeable regularity of the scarps in southern Oregon 
(Donath, 1963; PI. 2) compared with those in the main central Nevada 
subprovince deserves an explanation. Both areas are covered by thick 
sheets of volcanics— plateau basalts in Oregon and ignimbrites in 
central Nevada. Both sequences should, in aggregate, give isotropic 
properties in the upper crust. Even if it is granted that the plateau 
basalts are thicker and might have relatively more influence in producing 
straight scarps, it seems to the writer that the most important factor 
producing the structural difference must lie below the volcanics. In 
the central Nevada subprovince the subvolcanic crust consists of highly 
deformed, thick geosynclinal sediments and an abundance of small, 
irregularly shaped and irregularly placed intrusions (Tagg and others, 
1964). This is a situation that results in extreme anisotropic 
conditions in the crust which in turn are reflected in irregularities 
in the direction of shearing (Donath, 1961). In southern Oregon the 
subvolcanic eugeosynclinal crust has been rehomogenized by the emplace-
ment of batholithic material, giving isotropic conditions even at depth 
below the volcanics and resulting in the regular shear patterns. This 
same argument might be reversed and used as evidence that the batholith 
is present under southern Oregon, thus further substantiating the 
concept of the Mendocino-Idaho oroclines.
If the several mentioned scarps lying northwest of the Smoke 
Creek structure and northeast of the Sierra frontal scarp are considered 
together, they form a radiating pattern (PI. 2). This pattern is 
similar to that radiating from the crest of the fold in the Roberts 
Mountains thrust, and to that deduced by Wallace and others (1960)
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for the Osborn fault zone. The approximate hub of this radiating 
pattern is the intersection of the Smoke Creek structure with the 
Walker Lane in the Pyramid Lake area.
Origin of the Churchill Arc
In terms of the suggested model, the Churchill arc is repre-
sented by thrust fault 4 in Figure 45. It might be defined as the 
more interior, more nearly straight-line shortcut bypassing the 
developing fold of the Mendocino orocline. It is the present-day 
locus of a zone of activity that has migrated southeastward from the 
Smoke Creek structure (represented by fault [1] in Fig. 44), as the 
orocline folded.
Slemmons (1957) mentions this same type of short-cutting, 
but on a much smaller scale, in relation to individual frontal faults 
within the zone. In two places associated with the Dixie Valley-Fairview 
Peak event the faulting took more nearly straight-line shortcuts across 
curved segments of older frontal faults.
In the case of the folded Roberts Mountains thrust, faulting 
by this alternative mechanism was suppressed because of a relatively 
more effective unconfined free-air surface above the upper plate. It 
is a common structural style for the movement on a large thrust to be 
absorbed by imbrication of the upper plate, while the lower plate 
remains relatively undeformed (Misch, 1960; Badgley, 1965; Gilluly 
and Gates, 1965). In the case of the oroclines, however, the presence 
of the continental margin as a relatively unconfined surface has had 
a noticeable effect on tectonics, but not a strong enough effect to
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suppress the formation of the short-cutting Churchill arc. Besides the 
substantiation gained by the close similarity with a natural model, 
there are other types of evidence that support the proposed origin:
1. A significant difference in topography (and presumably 
structural history) exists between the northern Nevada subprovince 
(Pis. 2, 15), especially the part of the latter between the Smoke Creek 
structure and the Churchill arc, and the central Nevada subprovince.
The ranges in the central Nevada subprovince are big, high, abrupt, 
generally long, and grossly persistent in trend (Pis. 2, 3). Those in 
the northern Nevada subprovince are lower, less persistent, shorter, 
more contorted, and less abrupt. This is the difference that might
be expected if an active seismic zone, oblique to the original 
range-generating stresses, had migrated from the area of the Smoke 
Creek structure to the present position of the Churchill arc. The 
zone is oblique because of rotation of stresses caused by the develop-
ment of the orocline to the north. The area between the Smoke Creek 
Desert and Lovelock displays a series of noticeably concaved eastward 
ranges and range segments (PI. 15). These conform in pattern to the 
over-all curve of the Smoke Creek structure and are a strong indication of 
oroclinal folding. That area is here designated the Smoke Creek-Lovelock 
oroclinal fold field.
2. Evidence that the stresses causing the historic faulting 
along the Churchill arc have a slightly different orientation from 
those that formed the original horsts and grabens may be indicated by 
the pattern of recent faulting. In several cases individual faults or 
composite fault zones deviate noticeably from the old bedrock-alluvium
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c o n t a c t  a t  t h e  b a s e  o f  t h e  l o n g - e s t a b l i s h e d  f r o n t a l  f a u l t s .  I n  a t  l e a s t  
t w o  c a s e s  ( t h e  C h a l k  M o u n t a i n - F a i r v i e w  P e a k  s e g m e n t  o f  t h e  F a i r v i e w  
P e a k  f a u l t  a n d  t h e  s o u t h e r n  e n d  o f  t h e  1 9 1 5  P l e a s a n t  V a l l e y  f a u l t ,
F i g s .  4 ,  4 3 )  t h e  f a u l t s  a c t u a l l y  c r o s s  a  m a j o r  a r e a  o f  t h e  i n t e r v e n i n g  
g r a b e n  b l o c k  a n d  b e c o m e  a s s o c i a t e d  w i t h  t h e  o p p o s i n g  f r o n t a l  f a u l t  o n  
t h e  o p p o s i t e  s i d e  o f  t h e  v a l l e y .  A l s o ,  t h e  o l d e r  W o n d e r  e v e n t  s c a r p s  
t h a t  s e e m  t o  b e  i n  l i n e  w i t h  t h e  s c a r p s  t h a t  c r o s s  t h e  v a l l e y  b l o c k  
s o ut h o f  C h a l k  M o u n t a i n  t h e m s e l v e s  c u t  a c r o s s  a  b e d r o c k  r i d g e  w e l l  
w i t h i n  t h e  h o r s t  b l o c k  ( F i g .  4 ) .  T h e s e  f e a t u r e s  h a v e  l e d  S l e m m o n s  
( 1 9 5 7 ,  p .  3 6 5 )  t o  s u g g e s t  t h a t  " s u c h  s h i f t s  f r o m  t h e  m a i n  s c a r p s  m a y  
b e  a  r e s u l t  o f  a  r e c e n t  c h a n g e  i n  d i r e c t i o n  i n  t e c t o n i c  f o r c e s  c a u s i n g  
i n c r e a s e d  s t r a i n  a n d  r e s u l t a n t  f a i l u r e  a t  t h e  c o r n e r s  o r  i r r e g u l a r  
b e n d s  o f  t h e  m a i n  f a u l t s . "  I f  o n e  m a y  g e n e r a l i z e  f r o m  t h e  t w o  i n s t a n c e s  
m e n t i o n e d ,  t h e  d e v i a t i o n  m a y  b e  s y s t e m a t i c .  T h e  f a u l t s  c r o s s i n g  t h e  
g r a b e n  b l o c k s  a n d  e x t e n d i n g  i n t o  t h e  h o r s t  b l o c k s  h a v e  a  t r e n d  m o r e  
e a s t  o f  n o r t h  c o m p a r e d  w i t h  t h e  a v e r a g e  o f  t h e  o l d  f r o n t a l s  s u r r o u n d i n g  
t h e m .  T h i s  w o u l d  a p p e a r  t o  s u g g e s t  a  c l o c k w i s e  r o t a t i o n  o f  s t r e s s  
f i e l d s  w i t h  t i m e ,  w h i c h  i s  w h a t  m i g h t  b e  e x p e c t e d  f r o m  t h e  p r o p o s e d  
m o d e l .
I n  s u m m a r y ,  t h e  a r e a  w e s t  o f  t h e  C h u r c h i l l  a r c ,  w h i c h  m a y  
o n c e  h a v e  e x h i b i t e d  m o r e  c l a s s i c  B a s i n  R a n g e  t o p o g r a p h y  a n d  s t r u c t u r e ,  
h a s  b e e n  r e w o r k e d  b y  t h i s  o b l i q u e  s e i s m i c  z o n e  a s  t h e  z o n e  m i g r a t e d  
s o u t h e a s t  i n  r e s p o n s e  t o  t h e  f o l d i n g  o f  t h e  o r o c l i n e .  T h i s  s e c o n d  
g e n e r a t i o n  o f  s e i s m i c  a c t i v i t y  o b l i q u e  t o  t h e  f i r s t  h a s  s h e a r e d  t h e  
o n c e  r e l a t i v e l y  u n d e f o r m e d  l a r g e  b l o c k s  w i t h  t h e  r e s u l t  t h a t  t h e  r a n g e s  
a r e  l o w e r ,  l e s s  l i n e a r ,  l e s s  p e r s i s t e n t ,  a n d  c o v e r e d  w i t h  m o r e  a l l u v i u m ,
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as well as being oroclinally folded. As this southeastward migration 
continues, it will gradually obliterate the larger primary Basin Ranges 
to the southeast in the main central Nevada subprovince.
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THE PROBLEM OF THE SIERRA FRONT
Vertical movement along the eastern scarp of the Sierra Nevada 
is obvious, but strike-slip movement is also suggested in the literature 
(Durrell, 1950; Gianella, 1959; Pakiser, 1960b; Bateman, 1961). The 
only concrete measured displacement thus far seems to be the 3 1/2 miles 
of left-lateral displacement found by Durrell (1950) in the Plumas 
Trench, a deep, straight valley bounded on the west by the Sierra crest.
Pakiser (1960b), based on Durrell*s statement of left-lateral 
movement, and on the geophysical work he has done along the east face 
of the Sierra Nevada, postulates a volcanic eruption mechanism based on 
the theory of stress release along a series of left-lateral en echelon 
wrenches. This necessitates the Sierra Nevada block moving south, 
relative both to the land west of the San Andreas and to the land 
between the Sierra Front and the Walker Lane. The movement relative 
to the San Andreas presents no problem. Also the Sierra Nevada block 
could be visualized as moving relatively south, if there were some 
kind of buttressing from the chain of batholiths to the north or 
resistance to oroclinal folding. The concept that seems difficult 
to justify is the narrow sliver of crust between the Walker Lane and 
the Sierra Front moving north, while that on both sides moves south. 
Especially is it difficult to visualize since the Walker Lane is not 
a line separating rigid blocks but a distributive zone of parallel 
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Sierra Front (Fig. 48). Shear zones of this orientation are prevalent 
(1) east of Winnemucca Lake, (2) in the northern Virginia Range, (3) in 
Warm Springs Valley, (4) in Winnemucca Valley, (5) at Seven Ponds Hill, 
(6) at Fort Sage Mountain (Bonham, personal communication, 1965), (7) on 
Peavine Mountain, (8) at the south end of Long Valley, and (9) on the 
west side of the Bald Mountain Range (personal field work). Thus, if 
one were to draw a map view of the earth's crust covering the area 
concerned, it would look as in Figure 48.
If left-lateral movement in the Plumas Trench and along the 
Sierra Front is valid, there exists a complete reversal in what otherwise 
appears to be a simple uniform stress field explainable by a single 
factor (north-south tangential compression in the lower crust or a 
north-south-oriented region couple).
A similar problem exists with respect to the displacement of 
the Nacimiento fault located west of the San Andreas. One line of 
reasoning indicates that this fault may have great left-lateral 
displacement. Of this Crowell (1962, p. 23) writes, "The idea that 
the San Andreas fault could have a total right slip of about 300 miles 
and the Nacimiento fault, subparallel to it and between 15 and 40 miles 
away, a left slip of similar amount is so startling that it is at 
present unacceptable . . . ." Although suspected displacements along 
the Sierra Front appear to be less, the mechanical principle seems to 
be the same.
If one looks to Moody's and Hill's wrench-fault tectonic 
diagram (Fig. 49) for a solution, he finds that the only first-order 
or second-order left-lateral wrench-fault direction that approximates
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Figure 48. Two concepts of movement of the Sierra Nevada block. See 
text for numbered localities and detail.
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Figure 49. Wrench-fault pattern of Moody and Hill (1956) applied 
to the Sierra frontal fault system.
A System that most closely 
agrees with field evidence 
and structural trends. 
Indicates right-lateral 
movement along Sierra 
Front. 
B, C Systems required to give 
left-lateral movement 
along Sierra Front as 
postulated by Pakiser 
(1960). Note lack of 
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those postulated on the east front of the Sierra is that marked (X).
It is generated by a northeast-trending, left-lateral, first-order 
wrench and not by a right-lateral San Andreas type. There are 
northeast-trending structures in the Basin Range province along 
the Sierra Front. They seem to be subordinate, however, to the 
northwest-trending, right-lateral basement wrenches. It is difficult 
to envision 31/2 miles of left-lateral movement generated as a 
second-order wrench off one of these, especially when it is nearly 
parallel to the dominant San Andreas lineament. It seems doubtful 
that a wrench nearly parallel to the San Andreas with 3 1/2 miles of 
left-lateral movement would be generated as a third-order structure 
by the San Andreas mechanism.
The writer tried several times with sand models to develop 
a situation that would give left-lateral movement, with no success. 
Right-lateral movement occurred in every situation. Maxon (1950) 
found right-lateral movement on the west frontal scarp of the Panamint 
Range, along with eastward tilting of the block, on the basis of both 
slickensides and stream offsets. By two separate lines of evidence 
he found that movement was downward for the valley blocks. Both 
erosion surfaces and shorelines are much more deformed on the valley 
blocks. The west front of the Panamint Range is only three valleys 
and two ranges (45 miles) removed from the Sierra scarp. By contrast, 
the evidence found in the Blairsden area (Durrell, 1965, Pi. 1— Fig. 50) 
is more indirect. Intervening critical areas are covered, and it 
should be noted that there is also a lesser amount of right-lateral 
displacement in the northern part of the area. Lindgren (1911) mapped
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Sierra Front. From Durrell (1965). Arrows 
point out proposed displacement.
. (·· 
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Figure 50. Map showing ·postulated 3 1/2 miles 
of left-lateral movement along the ·northern 
i r r nt. o u rell 5). r s
i t t a ent. 
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Sierra frontal faults that show a distinct right-lateral en echelon 
pattern (Fig. 51).
Moore and Hopson (1961), based on the fact that the independence 
dike swarm is not significantly displaced as it crosses Owens Valley, 
suggest that any strike-slip movement, whether left or right, cannot 
be over a few miles.
In at least two cases, (1) on the pediment northwest of Steamboat 
Springs on the east side of the Carson Range (see photograph, Thompson, 
1960), and (2) on the west side of the Bald Mountain Range (vertical 
air photograph GS-VAD 2 170, Loyalton 15' quadrangle), the en echelon 
fault pattern strongly suggests right-lateral movement. The en echelon 
pattern of the ranges splaying off the Sierra crust (PI. 1, Fig. 51) 
is reasonable for right-lateral movement parallel to the gross trend 
of the block. This pattern is not reasonable for left-lateral movement, 
unless all of these ranges are bounded by compression wrenches with 
associated thrusts and compressive folds rather than Basin Range 
faults— which they are not (Lawson, 1912; McJannet, 1957; Thompson 
and White, 1964; Durrell, 1965).
The volcanic mechanism presented by Pakiser seems valid. On 
the basis of this study, however, it appears that it should occur along 
right-lateral rather than left-lateral wrenches. Also, if the theory 
of tension wrenches presented in this paper is valid, the stress release 
direction is parallel to the San Andreas lineament, as in the case 
of the Dixie Valley-Fairview Peak events, and not parallel to the 
second-order tension wrenches. This distension not only causes the
i t l l t i t t l l
t i . ). 
 
oor ops 1), t t n
t i t ens a l ,
est t ove ent, het er t r t, ot 
r ew iles. 
t t s, ent r est t boat 
ri st f ar a t r h, pson,
0), est f al ountai a rt l
i t V 0, oyalt ' adrangle), l  
lt t ro est t l ove ent. l
t f f i st l. , i . ) 
l t l ove ent rall l e
l . hi t t l l ovement,
l ll f pressi re c es it
i t pressi asi a
l s-- i t son, 2; cJa net, 7; ps
hite, 4; u re l, 5). 
l i echa i t akis r s li .
si f i , ever, ear t l r
t l l renches. ls ,
r t er li ,
i rall l ndreas inea ent,
i i all i e ents, t arall l
- r r renches. hi i t l  
140
Figure 51. Fault patterns along the northern Sierra Front. From 
Lindgren (1911). Arrows added by present writer to emphasize en 
echelon pattern.
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stress release allowing volcanism but also allows the normal faulting 
that produces the Basin Range structure.
Slemmons (personal communication, 1966) and the present writer 
agree that the problem of movement direction on the Sierra Front is the 
single greatest problem in producing an integrated regional structural 
synthesis, and that it should be a prime target for intensive study.
The present writer shares Slemmons' concern but feels that so many 
diverse features of Basin Range tectonics fall into place as an 
integrated whole with the present approach that it should be presented 
as a working hypothesis at this stage. The present writer feels (as 
does Slemmons) that any general movement along this zone should prove 
to be right lateral. The en echelon pattern in Figure 1 strongly 
supports this. Even if significant and general left-lateral movement 
were established, all effort should be made to discover the mechanics 
of that movement in terms of the regional synthesis.
To resolve the problem, the writer proposes a threefold 
project: (1) intensive study of the Sierra Front on normal air
photographs; (2) low-altitude detailed air photograph study of 
individual fault scarps; (3) field investigation of critical areas.
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It is felt by the writer that the Basin Range province can 
be divided into subprovinces on the basis of differences in structure 
and topography resulting from a different interplay of these mechanisms 
in each (see following section, "Basin Range Structural Mechanisms"). 
These are shown superimposed on the map of the province in Plates 1,
2, and 3. Both the structural-topographic characteristics and the 
boundaries of the subprovinces are discussed. It should be expected 
that many of these boundaries would be transitional.
Central Nevada Subprovince
This is the main and central subprovince of the Basin Range 
province. It is centrally located and surrounded by subprovinces on 
the periphery of the main province which have been subjected to more 
modifying mechanisms. Its formation is dominantly the result of 
unmodified operation of the tension-wrench mechanism, except for the 
presence of nearly omnipresent San Andreas shear indications scattered 
throughout the subprovince.
Structure here is characterized by large, long, and high horst 
and tilt-block ranges--the largest in the province with the exception 
of those in the Sierra shadow province and the Sierra Nevada itself.
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Valleys are deeply filled, flat-bottomed, and contrast abruptly with 
the fairly sharp range fronts. They are large and fairly regular in 
size, as are the ranges. Significantly, there are no abnormally large 
valleys such as that of Great Salt Lake and the Carson Sink. In terms 
of the arid geomorphic cycle, most of the area is in late youth and 
maturity. There are no extensive pediplanes. Elevations here average 
noticeably higher than in surrounding subprovinces. Most ranges in 
the subprovince exceed 9,000 feet, many are over 11,000 feet, and a 
few in the eastern part are over 12,000 feet, the highest point being 
13,061-foot high Mount Wheeler in the Snake Range. This subprovince 
represents the central core of the main Basin Range province. It best 
displays the basic tension-wrench mechanism (Pis. 1, 2, 3).
Northern Nevada Subprovince
This province is bounded on the northwest by the Summit Lake 
lineament just north of the Smoke Creek structure (Pis. 2, 3, 12), 
which separates it from the Mendocino oroclinal fan. On the southeast 
it is terminated topographically at the east side of the Carson Sink, 
and seismically by the Churchill arc seismic zone. To the southwest 
it blends into the Walker Lane with little evidence of sharp topographic 
or structural break.
Topographically, the area between the Summit Lake lineament 
and the Churchill arc is more subdued than the average of the central 
Nevada subprovince. A possible mechanism accounting for this has been 
discussed in relation to the development of the Churchill arc. A 
topographic and structural distinction between this same area and
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the area north of the Summit Lake structure (the Mendocino oroclinal 
fan subprovince) can be made, as the latter contains more regular 
ranges and large areas of relatively unbroken-up structural plateaus 
(Bonham, 1962; Pis. 3, 12). The northern boundary of this subprovince 
consists of a vague but discernible lineament extending northeastward 
from the Summit Lake structure through Denio on the Nevada-Oregon 
border and continuing slightly concaved to the southeast to Silver City, 
Idaho. Significantly, this line is a boundary between two different 
ages of lava plateau (Stose and Ljungstedt, 1933). From there the 
boundary crosses the Snake River downwarp and fuses with the northern 
boundary of that structure. The southeastern boundary of this 
subprovince passes from the northern end of the Churchill arc at 
about Winnemucca along the southeast edge of the Owyhee lava plateau, 
and merges with the southern boundary of the Snake River downwarp 
south of Twin Falls, Idaho. The sharp northeast-trending lineaments 
north of Battle Mountain, Nevada (Pi. 17), are associated with it.
Under this concept the northern Nevada subprovince forms a 
smooth-curved connective link between the Walker Lane subprovince and 
the Snake River downwarp. The northwest-trending western end of the 
Snake River downwarp is considered structurally distinct from this 
zone and the result of abnormal development of northwest-trending 
San Andreas type shears through the Idaho orocline.
Mendocino Oroclinal Fan Subprovince
This subprovince is bounded on the southeast by the northern 
Nevada subprovince (see boundary description in section on that
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p r o v i n c e ).  O n  t h e  w e s t  i t  i s  b o u n d e d  b y  t h e  s m o o t h l y  c o n c a v e d  s c a r p  
e x t e n di n g  n o r t h  f r o m  t h e  P l u m a s  T r e n c h  i n  t h e  n o r t h e r n  S i e r r a  N e v a d a s  
w e s t o f  U p p e r  K l a m a t h  L a k e  a n d  o n  t o  B e n d ,  O r e g o n  ( P I .  2 ) .  T h i s  z o n e  
b o u n d s  t h e  e a s t e r n  e d g e s  o f  t h e  n o r t h e r n  S i e r r a  N e v a d a  b l o c k  a n d  t h e  
Kl a m at h b l o c k .  T h e  f o c a l  p o i n t  o r  h u b  o f  t h i s  s t r u c t u r e  i s  l o c a t e d  
a t  a p p r o x i m a t e l y  P y r a m i d  L a k e ,  N e v a d a .  F o r  a  d i s c u s s i o n  o f  t h e  g e n e s i s  
o f  t h i s  s u b p r o v i n c e ,  s e e  " D e v e l o p m e n t  a n d  L a t e r  M o d i f i c a t i o n  o f  t h e  
S h e a r  Z o n e  E a s t  o f  t h e  B a t h o l i t h "  a n d  " S e i s m i c  P a t t e r n s  R e l a t e d  t o  
t h e  M e n d o c i n o  O r o c l i n e . "
S i e r r a  S h a d o w  S u b p r o v i n c e
T h i s  s u b p r o v i n c e  ( P I .  1 )  i s  b o u n d e d  o n  t h e  w e s t  b y  t h e  S i e r r a  
N e v a d a  e s c a r p m e n t ,  o n  t h e  s o u t h  b y  t h e  G a r l o c k  f a u l t ,  a n d  o n  t h e  e a s t  
b y  t h e  s t r a i g h t  D e a t h  V a l l e y - W a l k e r  L a k e  l i n e a m e n t ,  w h i c h  s e p a r a t e s  
i t  f r o m  t h e  W a l k e r  L a n e  s u b p r o v i n c e .  F r o m  t h e  n o r t h  e n d  o f  W a l k e r  
L a k e  t h e  e a s t e r n  b o u n d a r y  s w i n g s  n o r t h w e s t w a r d  t h r o u g h  R e n o  t o  a  
n o r t h e r n  t e r m i n a t i o n  a t  a b o u t  S i e r r a  V a l l e y .  T h e  l a r g e  r a n g e s  t h a t  
m a k e  u p  t h i s  p r o v i n c e  h a v e  a  f a i r l y  c o n s i s t e n t  t r e n d  b e t w e e n  n o r t h - s o u t n  
a n d  N  1 5 °  W .  B e c a u s e  o f  t h e  c u r v a t u r e  o f  t h e  S i e r r a  N e v a d a  b l o c k ,  t h e  
r a n g e s  n e a r l y  p a r a l l e l  i t s  f r o n t  a t  t h e  s o u t h  e n d  b u t  b e c o m e  i n c r e a s -
i n g l y  m o r e  e n  e c h e l o n  a s  t h e  S i e r r a  F r o n t  c u r v e s  w e s t w a r d  t o w a r d  t h e  
n o r t h .
I d a h o  B a t h o l i t h  S h a d o w  S u b p r o v i n c e
T h i s  s m a l l  s u b p r o v i n c e  i s  s i m i l a r  t o  t h e  S i e r r a  s h a d o w  
s u b p r o v i n c e  e x c e p t  t h a t  i t  i s  m o r e  t i g h t l y  c o n f i n e d  b e t w e e n  a  g r e a t e r
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c o m pl e x o f  t e c t o n i c  e l e m e n t s  a n d  i s  t h u s  m o r e  c o m p l e x .  T h e  w o r k  o f  
R u p p e l  ( 1 9 6 5 )  p o i n t i n g  o u t  b o t h  n o r t h - s o u t h - o r i e n t e d  r i g h t - l a t e r a l  
s t r i k e - s l i p  m o v e m e n t  a n d  e a s t - w e s t  d i s t e n s i o n  s t r o n g l y  s u g g e s t s  t h a t  
i t s  g e n e s i s  f i t s  t h e  p r o p o s e d  m e c h a n i s m .
U t a h  S u b p r o v i n c e
T h e  U t a h  s u b p r o v i n c e  i s  b o u n d e d  o n  t h e  e a s t  b y  t h e  W a s a t c h  
l i n e  a n d  t h e  W a s a t c h  R a n g e ,  w h i c h  a l s o  f o r m  t h e  e a s t e r n  b o u n d a r y  o f  
t h e  B a s i n  R a n g e  p r o v i n c e  i n  g e n e r a l .  O n  t h e  w e s t  i t  i s  s e p a r a t e d  
f r o m  t h e  m a i n  c e n t r a l  N e v a d a  s u b p r o v i n c e  b y  a  v a g u e  b u t  d i s c e r n i b l e  
t r a n s i t i o n  z o n e  t h a t  c l o s e l y  f o l l o w s  t h e  s t a t e  b o u n d a r y .  C o m p a r e d  
w i t h  t h e  m a i n  s u b p r o v i n c e  t o  t h e  w e s t ,  t h e  r a n g e s  a r e  l o w e r ,  s h o r t e r ,  
a n d  l e s s  p e r s i s t e n t ,  a n d  t h e r e  i s  a  g r e a t e r  p e r c e n t a g e  d i s t r i b u t i o n  o f  
v a l l e y  f i l l  c o m p a r e d  w i t h  r a n g e  b l o c k s .  I t  i s  t e n t a t i v e l y  s u g g e s t e d  
t h a t  t h e  d i f f e r e n c e s  i n  t h i s  s u b p r o v i n c e  a r e  t h e  r e s u l t  o f  a  m e c h a n i s m  
s i m i l a r  t o ,  b u t  r e v e r s e d  f r o m ,  t h a t  i n  t h e  S i e r r a  s h a d o w  s u b p r o v i n c e ,  
p e r h a p s  i n  c o m b i n a t i o n  w i t h  t h e  e f f e c t s  o f  t h e  e a s t e r n  m i o g e o s y n c l i n a l  
b a s e m e n t .  I t  m a y  b e  t h a t  t h e  c o n f i g u r a t i o n  o f  t h e  B a s i n  R a n g e  p r o v i n c e  
a n d  t h e  C o l o r a d o  P l a t e a u  a s  r e l a t e d  t o  t h e  t r e n d  o f  t h e  S a n  A n d r e a s
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r e g i o n a l  c o u p l e  i s  p e r t i n e n t  t o  i t s  d e v e l o p m e n t a l  h i s t o r y .
W a l k e r  L a n e  S u b p r o v i n c e
T h e  W a l k e r  L a n e  ( P I .  1 )  i s  n o t  a  l i n e  b u t  a  r a t h e r  b r o a d  z o n e ,  
w i t h  s p e c i f i c  c h a r a c t e r .  I t  e n c o m p a s s e s  t h e  o r o c l i n a l l y  f o l d e d  a r e a  
d e s c r i b e d  b y  A l b e r s  ( 1 9 6 4 )  a n d  i s  b o u n d e d  o n  t h e  e a s t  a n d  w e s t  b y  
t h e  c e n t r a l  N e v a d a  a n d  S i e r r a  s h a d o w  s u b p r o v i n c e s  r e s p e c t i v e l y .  T h e
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o r o c l i n a l  f o l d i n g ,  i n  c o m b i n a t i o n  w i t h  l a t e r  g r a v i t y  t e c t o n i c s ,  h a s  
r e s ult e d  i n  a  n o t i c e a b l y  n o n l i n e a r ,  c o n t o r t e d ,  a n d  l o w  s e t  o f  r a n g e s .  
S u p e r i m p o s e d  o n  t h i s  i s  a  g r e a t e r  t h a n  a v e r a g e  d e v e l o p m e n t  o f  l i n e a r  
n o r t h w e s t- t r e n di n g  S a n  A n d r e a s  t y p e  s h e a r s  ( P i s .  3 ,  4 )  a l o n g  w h i c h  
s i g n i f i c a n t  r i g h t - l a t e r a l  m o v e m e n t  h a s  t a k e n  p l a c e  ( N i e l s o n ,  1 9 6 5 ) .
T h e  e v o l u t i o n  a n d  m o d i f i c a t i o n  o f  t h e  n o r t h  e n d  o f  t h i s  s u b p r o v i n c e  
h a v e  b e e n  d e a l t  w i t h  i n  t h i s  p a p e r .  T h e  s o u t h e r n  l i m i t  o f  t h i s  z o n e  
s e e m s  t o  t h e  p r e s e n t  w r i t e r  t o  b e  q u i t e  c o n j e c t u r a l ,  a s  t h e r e  s e e m  
t o  b e  s i m i l a r  s t r u c t u r a l  f e a t u r e s  o n  t r e n d  w e l l  i n t o  A r i z o n a  a n d  e v e n  
M e x i c o .
c i  o d n g n m bi n at  it h a er v t  e ct o ni c s, h a s 
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BASIN RANGE STRUCTURAL MECHANISMS
The writer feels that least five mechanisms can be isolated 
which have contributed to the formation of the Basin Range province. 
These mechanisms overlap in space, time, and effect produced. Different 
combinations of them are responsible for the discernibly unique charac-
teristics of the different subprovinces proposed in this paper. They 
are outlined briefly here with references to other parts of the text 
where they are more fully treated. Where warranted, an idealized 
illustration of each is given.
1, The Tension Wrench
This is the most basic mechanism in the formation of the 
province. The whole province is best thought of as the result of 
this mechanism modified by various combinations of the others. In 
the case of the main central Nevada subprovince, it has played by far 
the dominant role. Briefly, it consists of strike-slip faulting 
generated from underneath with a cross-strike distension component.
This allows gravity faulting as the rift opens (Fig. 46). Most of 
the first half of this paper deals with this mechanism.
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2, S u r f a c e  B r e a k t h r o u g h  o r  R e a c t i v a t i o n  
~n f  f h p  S h e a r s  o f  t h e  S a n  A n d r e a s  R e g i o n a l  
B a s e m e n t C o u p l e
T h e s e  n o r t h w e s t - t r e n d i n g  t o  n o r t h - n o r t h w e s t - t r e n d i n g ,  f a i r l y  
l i n e a r  s h e a r s  a r e  p r e s e n t  t h r o u g h o u t  m o s t  o f  t h e  p r o v i n c e  b u t  m a y  o r  m a y  
n o t  h a v e  t o p o g r a p h i c  e x p r e s s i o n  i n  a n y  g i v e n  a r e a  ( P I .  3 ) .  T h e  m o s t  
e v i d e n t  r e p r e s e n t a t i v e  o f  t h i s  s t y l e  w i t h i n  t h e  p r o v i n c e  i s  t h e  W a l k e r  
L a n e  ( P i .  4 ) .  T h i s  i s  t h e  p r i n c i p a l  s t y l e  o f  y i e l d i n g  i n  t h e  i n t e r m e d i a t e  
l a y e r  ( b e t w e e n  t h e  M o h o  a n d  G u t e n b e r g ' s  l o w - v e l o c i t y  l a y e r )  d u r i n g  
t h e  f o r m a t i o n  o f  B a s i n  R a n g e  s t r u c t u r e  w h i c h  i t  g e n e r a t e s  a t  t h e  
s u r f a c e .  P r i o r  t o  t h e  e p i o r o g e n i c  u p l i f t  o f  t h e  p r o v i n c e ,  i t  m a y  h a v e  
b e e n  t h e  m a i n  m o d e  o f  d e f o r m a t i o n  a t  t h e  s u r f a c e  a l s o .  T h e  r e s u l t s  o f  
t h e  d e f o r m a t i o n  s h o w  a t  t h e  s u r f a c e  t o d a y  f o r  s e v e r a l  r e a s o n s .  D o r m a n t  
r e p r e s e n t a t i v e s  r e m a i n  f r o m  t h e  t i m e  w h e n  i t  w a s  t h e  d o m i n a n t  s u r f a c e  
s t y l e .  T h e s e  m a y  g a i n  t o p o g r a p h i c  e x p r e s s i o n  b e c a u s e  o f  f a u l t - l i n e  
t y p e ,  d i f f e r e n t i a l  w e a t h e r i n g ,  a n d  e r o s i o n .  I n  s o m e  c a s e s ,  a s  a l o n g  
t h e  W a l k e r  L a n e  d u r i n g  t h e  C e d a r  M o u n t a i n  e a r t h q u a k e  ( G i a n e l l a  a n d  
C a l l a g h a n ,  1 9 3 4 a ) ,  s o m e  s h e a r s  o f  t h i s  s t y l e  e x t e n d e d  t o  t h e  s u r f a c e  
( F i g s .  5 ,  6 ) .  O f t e n  r a n g e  f r o n t a l  f a u l t s  f o l l o w  t h e s e  p r e - e x i s t i n g  
z o n e s  o f  w e a k n e s s  f o r  s o m e  d i s t a n c e  b e f o r e  b r e a k i n g  a w a y  a n d  r e t u r n i n g  
t o  t h e  m o r e  n o r m a l  N e v a d a  t r e n d  ( P I .  1 6 ) .  T h e  n o r t h w e s t - t r e n d i n g  
r a n g e - b o u n d i n g  a n d  r a n g e - t e r m i n a t i n g  s c a r p s  ( P i s .  3 ,  4 ,  5 ,  7 ,  1 1 ,  1 2 )  
p r o b a b l y  a r e  p r e d i s p o s e d  a l o n g  z o n e s  o f  w e a k n e s s  c r e a t e d  b y  t h i s  
m e c h a n i s m .  I n  t h e  c a s e  o f  t h e  r a n g e - t e r m i n a t i n g  s c a r p s ,  t h e r e  i s  
l a r g e  d i f f e r e n t i a l  v e r t i c a l  m o v e m e n t  a s s o c i a t e d  w i t h  t h e m .
I 
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2 T e c t o n i c  S h a d o w  E f f e c t
T h i s  m e c h a n i s m  o c c u r s  t o  t h e  e a s t  o f  r i g i d  b l o c k s  o f  t h e  
b a t h o li t h  s e g m e n t s  a n d  t o  t h e  w e s t  o f  t h e  c r a t o n a l  b a s e m e n t  ( W a s a t c h  
R a n g e - C o l o r a d o  P l a t e a u ) .  I n  t h e  c a s e  o f  t h e  b a t h o l i t h s  i t  i s  c a u s e d  
b y  m o r e  r a p i d  w e s t w a r d  d r i f t  o f  l a r g e  r i g i d  b a t h o l i t h i c  b l o c k s  r e l a t i v e  
t o  t h e  c r u s t  t o  t h e  e a s t .  T h i s  c a u s e s  e x c e s s i v e  d i s t e n s i o n  f o r  a  f e w  
r a n g e s  e a s t  o f  t h e  m a i n  b l o c k ,  r e s u l t i n g  i n  a b n o r m a l l y  g r e a t  s t r u c t u r a l  
r e l i e f  ( F i g .  5 2 ) .  N e a r  t h e  s o u t h  e n d  o f  t h e  S i e r r a  N e v a d a  b l o c k ,  w h e r e  
t h e  e f f e c t  i s  m o s t  p r o n o u n c e d ,  i t  t e n d s  t o  o v e r r i d e  t h e  e f f e c t  o f  t h e  
t e n s i o n - w r e n c h  m e c h a n i s m ,  c a u s i n g  h o r s t  a n d  g r a b e n  a n d  t i l t - b l o c k  
s t r u c t u r e  t o  p a r a l l e l  t h e  m a i n  b l o c k .  F a r t h e r  n o r t h  w h e r e  t h e  e f f e c t  
i s  r e l a t i v e l y  l e s s  p r o n o u n c e d ,  t h e  e n  e c h e l o n  p a t t e r n  w i t h  t h e  N e v a d a  
t r e n d  d o m i n a t e d  b y  t h e  t e n s i o n - w r e n c h  m e c h a n i s m  b e c o m e s  t h e  p r o m i n e n t  
s t y l e .  T h i s  s a m e  s h a d o w  e f f e c t  i s  f o u n d  i n  t h e  r a n g e s  e a s t  o f  t h e  
I d a h o  b a t h o l i t h  a l o n g  t h e  I d a h o - M o n t a n a  b o r d e r .
I n  t h e  f o r e g o i n g  c a s e s ,  t h e  s o u t h e r n  l i m i t  o f  b o t h  t h e  
g e n e r a t i n g  b l o c k  a n d  t h e  s h a d o w - e f f e c t  z o n e  i s  a  s h a r p  e a s t - w e s t - t r e n d i n g  
s t r u c t u r a l  d i s c o n t i n u i t y  ( t h e  G a r l o c k  f a u l t  i n  t h e  c a s e  o f  t h e  S i e r r a  
N e v a d a  b l o c k ,  a n d  t h e  S n a k e  R i v e r  d o w n w a r p  i n  t h e  c a s e  o f  t h e  I d a h o  
b l o c k ) .  L e f t - l a t e r a l  m o v e m e n t  w h i c h  r e f l e c t s  t h i s  e x c e s s  d i s t e n s i o n  
h a s  b e e n  e s t a b l i s h e d  f o r  t h e  G a r l o c k  s t r u c t u r e .  T h e  m o v e m e n t  h i s t o r y  
o f  t h e  S n a k e  R i v e r  d o w n w a r p  s e e m s  t o  b e  m o r e  c o m p l e x  b u t  s h o u l d  b e  
a n a l o g o u s .
A  m i r r o r  i m a g e  o f  t h i s  s h a d o w  e f f e c t  m a y  b e  p r e s e n t  o n  t h e  
e a s t  s i d e  o f  t h e  p r o v i n c e  w h e r e  t h e  m i o g e o s y n c l i n a l  b a s e m e n t ,  b e i n g  
m o r e  m o b i l e ,  i s  t e n d i n g  t o  p u l l  a w a y  f r o m  t h e  c r a t o n a l  b a s e m e n t .  T h i s
 
3 t i c a d o  f t • 
s c h a ni s m u  o h e s   d l   h e
b  m e nt s  o h e t  h e t n a  m e n  W a s at c h
R a n g e- r a d o t  n h e   h e a h ol t  s u d 
 r e p d t r d t  g e ol t  l  e a e
h e  o h e a s  s u  x c e s  st e si o  or  w
g e   h e i n k  s ul i g n b n o m al   c ur a
e Fi g. 2  r h e o u h d  h e r  a k  e 
h e  t u n c e d  n d s o v e i  h e c   h e
i - w n c h i s , u  o    d lt- l k
tr o a  h e i n k  t  o  r e h e c  
i s s u n c e d  h e  h e  t r  it h h e a 
d mi n a   h e i w n c h a ni s m m e  h e mi n e n  
e s m e w c  s u n d n h e n g e s a s  h e
 o t  l  h e M o nt a n a o d er  
n h e o g e s  h e u e n mit  o  h e
n e i n  l   h e d o w- eff e ct n  s  h a p - w e s tr e i  
r a i s n i t  e rl o c k a ul n h e   h e r  
a d a l k   h e  i r w n w a  n h e  h e d a h o
l k  l at er l e m t i c h e c hi s x c e s  t e i o  
  t i s h  o h e rl o c k r c ur e  m t t r  
 h e  i r w n w a  m s o  r e m pl e x u  h o u d  
l . 
 irr or m a g e  hi s w c  y  n   h e
 i  h e i  r e h e i n c i n al m e nt   
r e b l e, n d n g o u  w a  r o m h e n a  m e nt  h  
Figure 52. Generalization of the Sierra shadow effect. 
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m e c h a n i s m  i s  r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  t h e  b e l t  o f  g r e a t  
t r e n c h e s  a l o n g  t h e  e a s t  s i d e  o f  t h e  p r o v i n c e  a n d  f o r  t h e  h i g h  s e i s m i c i t y  
a s s o c i a t e d  w i t h  t h e m  ( E a r d l e y ,  1 9 6 2 ) .  I t  i s  a l s o  r e s p o n s i b l e  f o r  t h e  
l a r g e  d i s p l a c e m e n t  o n  t h e  W a s a t c h  f a u l t .  I t  s e e m s  l i k e l y  t h a t  i n  t h i s  
z o n e  d i p  s l i p  m i g h t  b e  d e v e l o p e d  a t  t h e  e x p e n s e  o f  s t r i k e  s l i p .
4 .  O t h e r  V a r i a t i o n s
O t h e r  v a r i a t i o n s  h a v e  b e e n  d i s c u s s e d  i n  t h e  s e c t i o n s ^
" D e v e l o p m e n t  a n d  L a t e r  M o d i f i c a t i o n  o f  t h e  S h e a r  Z o n e  E a s t  o f  t h e  
B a t h o l i t h , "  " S e i s m i c  P a t t e r n s  R e l a t e d  t o  t h e  M e n d o c i n o  O r o c l i n e , "  
a n d  " B a s i n  R a n g e  S u b p r o v i n c e s . "
 
m e c h a nis m p o n si b e o h e m at n  h e e   a  
tr e n c h e s al o n g t h e  i  h e   o h e i  mi ci y
a s s o ci at e d wit h t h e m E ar dl e y, 6 2)  s  p o n si bl e or h e
l ar g e di s pl a c e n   h e s at c h a ult m s e y h at n hi s
z o n e i  i i g t  l   h e p e n s   i p  
. t h er i ati o n s 
Ot h er i ti o    i s c s e  n h e c n s, 
" D e v e m e n   r d i c ati o n  h e   t  h e
B at h olit h, " S e m c t er  l t e d o h e i n o i , " 
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TECTONICALLY RELATED AREAS--A GENERAL STATEMENT
It is the present writer's belief that eventually the Tertiary 
tectonics of the entire North American Cordillera and the adjacent 
Pacific Basin will be explainable in terms of these and related 
concepts. This does not mean that the mechanisms proposed here are 
adequate for the purpose. No structural province can exist as an 
entity unrelated to those that surround it. They must be tectonically 
integrated by some basic mechanism. For the North American Cordillera 
this basic mechanism is the result of the relative movements of the 
oceanic and continental blocks in combination with the anisotropic 
characteristics of the crust that have been built up through time.
From scanning the literature concerning related provinces, the 
writer feels that cogent, detailed, and integrated working hypotheses 
for this entire orogenic complex are rapidly coming of age.
I E S-  
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B i r c h ,  F . ,  1 9 6 4 ,  M e g a g e o l o g i c a l  c o n s i d e r a t i o n s  i n  r o c k  m e c h a n i c s ,  
i n  J u d d ,  W .  R . ,  e d . ,  S t a t e  o f  s t r e s s  o f  t h e  e a r t h ' s  c r u s t ,  
p .  5 4 - 8 0 .
B i r k e l a n d ,  P .  W . ,  1 9 6 3 ,  P l e i s t o c e n e  v o l c a n i s m  a n d  d e f o r m a t i o n  o f  t h e  
T r u c k e e  a r e a  n o r t h  o f  L a k e  T a h o e ,  C a l i f o r n i a :  G e o l .  S o c .  
A m e r i c a  B u l l . ,  v .  7 4 ,  n o .  1 2 ,  p .  1 4 5 3 - 1 4 6 3 .
B o n d , J o h n  G . ,  1 9 6 5 ,  G e o l o g i c  e v o l u t i o n  o f  t h e  C l e a r w a t e r  b a s a l t  
e m b a y m e n t  o f  I d a h o  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  S p e c i a l  
P a p e r  8 2 ,  p .  3 2 0 .
B o n h a m,  H a r o l d ,  1 9 6 2 ,  A r e a l  g e o l o g y  o f  t h e  n o r t h e r n  h a l f  o f  W a s h o e  
C o u n t y ,  N e v a d a :  U n p u b .  M .  S .  t h e s i s ,  M a c k a y  S c h o o l  M i n e s ,  
U n i v .  N e v a d a ,  8 3  p .
_ _ _ _ _ _ i n  p r e s s ,  G e o l o g i c  m a p  o f  W a s h o e  C o u n t y ,  N e v a d a .
B o y n t o n,  G .  R . ,  a n d  V a r g o ,  J .  L . ,  1 9 6 3 ,  A e r o m a g n e t i c  m a p  o f  T o n o p a h  
S p r i n g  q u a d r a n g l e  a n d  p a r t  o f  B a r e  M o u n t a i n  q u a d r a n g l e ,  N y e  
C o u n t y ,  N e v a d a :  U .  S .  G e o l .  S u r v e y  G e o p h y s .  I n v .  M a p  G P - 4 4 0 .
B r a c e ,  W .  F . ,  a n d  B o m b o l a k i s ,  E .  G . ,  1 9 6 3 ,  A  n o t e  o n  b r i t t l e  c r a c k  
g r o w t h  i n  c o m p r e s s i o n :  J o u r .  G e o p h y s .  R e s e a r c h ,  v .  6 8 ,  
p .  3 7 0 9 - 3 7 1 3 .
B r o m e r y ,  R .  W . ,  a n d  S n a v e l y ,  P .  D . ,  J r . ,  1 9 6 4 ,  G e o l o g i c  i n t e r p r e t a t i o n  
o f  r e c o n n a i s s a n c e  g r a v i t y  a n d  a e r o m a g n e t i c  s u r v e y s  i n  
n o r t h w e s t e r n  O r e g o n :  U .  S .  G e o l .  S u r v e y  B u l l .  1 1 8 1 - N ,  1 3  p .
B r o w n ,  R .  W . ,  1 9 2 8 ,  E x p e r i m e n t s  r e l a t i n g  t o  t h e  r e s u l t s  o f  h o r i z o n t a l  
f a u l t i n g :  A m .  A s s o c .  P e t r o l e u m  G e o l o g i s t s  B u l l . ,  v .  1 2 ,  
p .  7 1 5 - 7 2 0 .
B u r c h f i e l ,  B .  C . ,  1 9 6 5 ,  S t r u c t u r a l  g e o l o g y  o f  t h e  S p e c t e r  R a n g e
q u a d r a n g l e ,  N e v a d a ,  a n d  i t s  r e g i o n a l  s i g n i f i c a n c e :  G e o l .
S o c .  A m e r i c a  B u l l . ,  v .  7 6 ,  p .  1 7 5 - 1 9 2 .
B y e r l y ,  P . ,  1 9 5 6 ,  S u b c o n t i n e n t a l  s t r u c t u r e  i n  t h e  l i g h t  o f  s e i s m o -  
l o g i c a l  e v i d e n c e ,   L a n d s b e r g ,  H .  E . ,  e d . ,  A d v a n c e s  i n  
g e o p h y s i c s ,  v .  3 ,  p .  1 0 5 - 1 5 2 .
C a b a n i s s ,  G .  H . ,  1 9 6 6 ,  G e o p h y s i c a l  s t u d i e s  o f  p l a y a  b a s i n s :
G e o p h y s .  A b s .  n o .  2 2 8 ,  J a n . ,  1 9 6 6 ,  p .  1 5 .
C a l l a g h a n ,  E u g e n e ,  1 9 5 3 ,  B a s i n  a n d  R a n g e  s t r u c t u r e  i n  s o u t h w e s t e r n  
N e w  M e x i c o :  N .  M e x .  G e o l .  S o c .  G u i d e b o o k ,  4 t h  F i e l d  C o n f . ,  
p .  1 1 6 - 1 1 7 .
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C a r e y ,  S .  W . ,  1 9 5 8 ,  T h e  t e c t o n i c  a p p r o a c h  t o  c o n t i n e n t a l  d r i f t ,  i n
C a r e y ,  S .  W . ,  e d . ,  C o n t i n e n t a l  d r i f t - - A  s y m p o s i u m ,  p .  1 7 7 - 3 5 5 :  
U n i v .  T a s m a n i a ,  3 7 4  p .
C h i n n e r y,  M .  A . ,  1 9 6 5 ,  T h e  v e r t i c a l  d i s p l a c e m e n t s  a s s o c i a t e d  w i t h  
t r a n s c u r r e n t  f a u l t i n g :  J o u r .  G e o p h y s .  R e s e a r c h ,  v .  7 0 ,  
p.  4 6 2 7 - 4 6 3 2 .
C h r i s t e n s e n,  M .  N . ,  1 9 6 5 ,  L a t e  C e n o z o i c  d e f o r m a t i o n  i n  t h e  c e n t r a l
C o a s t  R a n g e s  o f  C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 6 ,  
p .  1 1 0 3 - 1 1 2 4.
C h r i s t i a n s e n ,  R .  L . ,  L i p m a n ,  P .  W . ,  O r k i l d ,  P .  P . ,  a n d  B y e r s ,  F .  M . ,
J r . ,  1 9 6 5 ,  S t r u c t u r e  o f  t h e  T i m b e r  M o u n t a i n  c a l d e r a ,  s o u t h e r n  
N e v a d a ,  a n d  i t s  r e l a t i o n  t o  B a s i n  R a n g e  s t r u c t u r e :  U .  S .
G e o l .  S u r v e y  P r o f .  P a p e r  5 2 5 - B ,  p .  4 3 - 4 8 .
C l a r k ,  L .  D . ,  1 9 6 0 a ,  E v i d e n c e s  f o r  t w o  s t a g e s  o f  d e f o r m a t i o n  i n  t h e  
w e s t e r n  S i e r r a  N e v a d a  m i n e r a l  b e l t ,  C a l i f o r n i a :  U .  S .  G e o l .  
S u r v e y  P r o f .  P a p e r  4 0 0 - B ,  p .  3 1 6 - 3 1 8 .
_ _ _ _ _ _ _ 1 9 6 0 b ,  T h e  F o o t h i l l s  f a u l t  s y s t e m ,  w e s t e r n  S i e r r a  N e v a d a ,
C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 1 ,  p .  4 8 3 - 4 9 6 .
C l a r k ,  T .  H . ,  a n d  S t e a r n ,  C .  W . ,  1 9 6 0 ,  G e o l o g i c  e v o l u t i o n  o f  N o r t h  
A m e r i c a :  N e w  Y o r k ,  R o n a l d  P r e s s ,  4 3 4  p .
C l o o s , E r n s t ,  1 9 5 5 ,  E x p e r i m e n t a l  a n a l y s i s  o f  f r a c t u r e  p a t t e r n s :  G e o l .  
S o c .  A m e r i c a  B u l l . ,  v .  6 6 ,  p .  2 4 1 - 2 5 6 .
C l o o s ,  H a n s ,  1 9 3 9 ,  H e b u n g ,  S p a l t u n g ,  V u l k a n i s m u s :  G e o l o g i s c h e  R u n d c h a u ,  
v .  3 0 ,  Z w i s c h e n h e f t  4 A ,  p .  4 0 6 - 5 2 7 .
C o h e e ,  G .  V . ,  a n d  o t h e r s ,  1 9 6 1 ,  T e c t o n i c  m a p  o f  t h e  U n i t e d  S t a t e s :
U .  S .  G e o l .  S u r v e y  a n d  A m .  A s s o c .  P e t r o l e u m  G e o l o g i s t s .
C o o d e ,  A .  M . ,  1 9 6 5 ,  A  n o t e  o n  o c e a n i c  t r a n s c u r r e n t  f a u l t s :  C a n a d i a n  
J o u r .  E a r t h  S c i . ,  v .  2 ,  n o .  4 ,  p .  4 0 0 - 4 0 1 .
C o o k ,  E .  F . ,  1 9 6 0 ,  G r e a t  B a s i n  i g n i m b r i t e s  ( N e v a d a  a n d  U t a h ) :
I n t e r m o u n t a i n  A s s o c .  P e t r o l e u m  G e o l o g i s t s  1 1 t h  A n n .  F i e l d  
C o n f .  1 9 6 0  G u i d e b o o k ,  p .  1 3 4 - 1 4 1 .
C o o k ,  K .  L . ,  H a l v e r s o n ,  M .  D . ,  S t e p p ,  J .  C . ,  a n d  B e r g ,  J .  W . ,  J r . ,
1 9 6 4 ,  R e g i o n a l  g r a v i t y  s u r v e y ,  n o r t h e r n  G r e a t  S a l t  L a k e  
D e s e r t ,  U t a h ,  N e v a d a ,  a n d  I d a h o :  G e o l .  S o c .  A m e r i c a  B u l l . ,  
v .  7 5 ,  n o .  8 ,  p .  7 1 5 - 7 4 0 .
C o o k ,  M .  A . ,  a n d  E a r d l e y ,  A .  J . ,  1 9 6 1 ,  E n e r g y  r e q u i r e m e n t s  f o r
t e r r e s t r i a l  e x p a n s i o n :  J o u r .  G e o p h y s .  R e s e a r c h ,  v .  6 6 ,  n o .  1 1 .
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C o t t o n,  C .  A . ,  1 9 5 0 ,  T e c t o n i c  s c a r p s  a n d  f a u l t  v a l l e y s :  G e o l .  S o c .  
A m e r i c a  B u l l . ,  v .  6 1 ,  p .  7 1 7 - 7 5 8 .
C ritt e n d e n,  M .  D . ,  J r . ,  1 9 6 0 ,  D e f o r m a t i o n  o f  B o n n e v i l l e  S h o r e l i n e  
[ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 1 ,  n o .  1 2 ,  p t .  2 ,  
p .  1 8 4 6 .
_ _ _ _ _ _ 1 9 6 2 ,  T e c t o n i c  e v o l u t i o n  o f  t h e  W a s a t c h - G r e a t  B a s i n  b o r d e r :
T r a v e r s e  R a n g e  t o  B r i g h a m  C i t y ,  U t a h  [ a b s . ] :  U .  S .  G e o l .
S u r v e y  P r o f .  P a p e r  7 3 ,  p .  8 1 .
C r i t t e n d e n,  M .  D . ,  S h a r p ,  B .  J . ,  a n d  C a l k i n s ,  F .  C . ,  1 9 5 2 ,  G e o l o g y
o f  t h e  W a s a t c h  M o u n t a i n s  e a s t  o f  S a l t  L a k e  C i t y :  U t a h  G e o l .  
S o c .  G u i d e b o o k  t o  t h e  G e o l .  U t a h  n o .  8 ,  p .  1 9 - 3 0 .
C r o w e l l ,  J .  C . ,  1 9 6 0 ,  T h e  S a n  A n d r e a s  f a u l t  i n  s o u t h e r n  C a l i f o r n i a :
X X I  I n t e r n a t .  G e o l .  C o n g . ,  D e n m a r k ,  p t .  1 8 ,  p .  4 5 - 5 2 .
_ _ _ _ _ _ _ 1 9 6 2 ,  D i s p l a c e m e n t  a l o n g  t h e  S a n  A n d r e a s  f a u l t ,  C a l i f o r n i a :
G e o l .  S o c .  A m e r i c a  S p e c i a l  P a p e r  7 1 ,  6 1  p .
C u r t i s ,  G .  H . ,  E v e r n d e n ,  J .  F . ,  a n d  L i p s o m ,  J .  I . ,  1 9 5 8 ,  A g e  d e t e r m i -
n a t i o n  o f  s o m e  g r a n i t i c  r o c k s  i n  C a l i f o r n i a  b y  p o t a s s i u m - a r g o n  
m e t h o d :  C a l i f .  D e p t .  N a t .  R e s o u r c e s  D i v .  M i n e s  S p e c i a l
R e p t .  5 4 ,  1 6  p .
D a l r y m p l e ,  G .  B . ,  1 9 6 4 ,  C e n o z o i c  c h r o n o l o g y  o f  t h e  S i e r r a  N e v a d a :
U n i v .  C a l i f o r n i a  P u b .  G e o l .  S c i . ,  4 1  p .
D a r r o w ,  R .  L . ,  1 9 6 3 ,  A g e  a n d  s t r u c t u r a l  r e l a t i o n s h i p s  o f  t h e  F r a n c i s c a n  
f o r m a t i o n  i n  M o n t o r a  M o u n t a i n  q u a d r a n g l e :  C a l i f .  D e p t .  N a t .  
R e s o u r c e s  D i v .  M i n e s  S p e c i a l  R e p t .  7 8 ,  2 3  p .
D a v i s ,  W .  M . ,  1 9 2 5 ,  T h e  B a s i n  R a n g e  p r o b l e m :  N a t l .  A c a d .  S c i .  P r o c . ,  
p .  3 8 7 - 3 9 2 .
_ _ _ _ _ _ _ 1 9 2 6 ,  T h e  v a l u e  o f  o u t r a g e o u s  g e o l o g i c a l  h y p o t h e s e s :  S c i e n c e ,
v .  6 3 ,  p .  4 6 3 - 4 6 8 .
D e f f e y e s ,  K .  S . ,  1 9 6 0 ,  L a t e  C e n o z o i c  s e d i m e n t a t i o n  a n d  t e c t o n i c
d e v e l o p m e n t  o f  c e n t r a l  N e v a d a  [ a b s . ] :  D i s s e r t .  A b s . ,  v .  2 0 ,  
n o .  9 ,  p .  3 6 9 2 - 3 6 9 3 .
D e u t s c h ,  E r n s t  R . ,  1 9 6 0 ,  F i r s t  o r d e r  t e c t o n i c s  o f  N o r t h  A m e r i c a - - A  
r e v i e w :  A l b e r t a  S o c .  P e t r o l e u m  G e o l o g i s t s ,  v .  8 ,  n o .  8 ,  
p .  2 2 8 - 2 3 2 .
D e w e y ,  J ,  f . ,  1 9 6 5 ,  N a t u r e  a n d  o r i g i n  o f  k i n k  b e n d s :  T e c t o n o p h y s i c s ,  
v .  1 ,  n o .  6 ,  p .  4 5 9 - 4 9 4 .
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D i e t z,  R «  S . ,  1 9 5 2 ,  G e o m o r p h i c  e v a l u a t i o n  o f  t h e  c o n t i n e n t a l  t e r r a c e  
( c o n t i n e n t a l  s h e l f  a n d  s l o p e ) :  A m .  A s s o c .  P e t r o l e u m  
G e o l o g i s t s  B u l l . ,  v .  3 6 ,  p .  1 8 0 2 - 1 8 1 9 .
_ _ _ _ _ 1 9 6 2 ,  A c t u a l i s t i c  c o n c e p t  o f  g e o s y n c l i n e s  a n d  m o u n t a i n
b u i l d i n g  [ a b s . ] :  U .  S .  G e o l .  S u r v e y  P r o f .  P a p e r  7 3 ,  p .  3 4 .
_ _ _ _ _ _ 1 9 6 3 ,  C o l l a p s i n g  c o n t i n e n t a l  r i s e s — A n  a c t u a l i s t i c  c o n c e p t
o f  g e o s y n c l i n e s  a n d  m o u n t a i n  b u i l d i n g :  J o u r .  G e o l o g y ,  v .  7 1 ,  
n o .  3 ,  p .  3 1 4 - 3 3 3 .
Di m e nt , W .  H . ,  S t e w a r t ,  S .  W . ,  a n d  R o l l e r ,  J .  C . ,  1 9 6 1 ,  C r u s t a l  
s t r u c t u r e  f r o m  t h e  N e v a d a  T e s t  S i t e  t o  K i n g m a n ,  A r i z o n a ,  
f r o m  s e i s m i c  a n d  g r a v i t y  o b s e r v a t i o n s :  J o u r .  G e o p h y s .  
R e s e a r c h ,  v .  6 6 ,  n o .  1 ,  p .  2 0 1 - 2 1 4 .
D o n at h,  F .  A . ,  1 9 6 1 ,  E x p e r i m e n t a l  s h e a r  f a i l u r e  i n  a n i s o t r o p i c  r o c k s :  
G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 2 ,  n o .  6 ,  p .  9 8 5 - 9 8 9 .
_ _ _ _ _ _ 1 9 6 2 ,  A n a l y s i s  o f  B a s i n  R a n g e  s t r u c t u r e  i n  s o u t h  c e n t r a l
O r e g o n :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 3 ,  p .  1 - 1 6 .
D r e w e s ,  H a r o l d ,  1 9 5 8 ,  S t r u c t u r a l  g e o l o g y  o f  t h e  s o u t h e r n  S n a k e  R a n g e :  
G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 9 ,  n o .  2 ,  p .  2 2 2 - 2 3 9 .
_ _ _ _ _ _ _ 1 9 6 0 a ,  M a j o r  s t r u c t u r a l  f e a t u r e s  o f  t h e  c e n t r a l  p a r t s  o f
w e s t e r n  U t a h  a n d  e a s t e r n  N e v a d a  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  
B u l l . ,  v .  7 1 ,  p t .  2 ,  p .  1 8 5 3 .
_ _ _ _ _ _ _ 1 9 6 0 b ,  O r i g i n  o f  t h e  A r m a g o s a  t h r u s t  f a u l t ,  D e a t h  V a l l e y
a r e a ,  C a l i f o r n i a - - A  r e s u l t  o f  s t r i k e - s l i p  f a u l t i n g  i n  T e r t i a r y  
t i m e :  U .  S .  G e o l .  S u r v e y  P r o f .  P a p e r  4 0 0 - B ,  p .  B 2 6 8 - B 2 7 0 .
D u r r e l l ,  C . ,  1 9 5 0 ,  S t r i k e - s l i p  f a u l t i n g  i n  t h e  e a s t e r n  S i e r r a  N e v a d a  
n e a r  B l a i r s d e n ,  C a l i f o r n i a  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  
v .  6 1 ,  p .  1 5 2 2 .
_ _ _ _ _ _ _ 1 9 6 5 ,  L a  P o r t e  t o  t h e  s u m m i t  o f  t h e  G r i z z l y  M o u n t a i n s ,  P l u m a s
C o u n t y ,  C a l i f o r n i a :  S a c r a m e n t o  G e o l .  S o c .  F i e l d  T r i p  
G u i d e b o o k ,  1 9 6 5 ,  2 2  p .
E a r d l e y ,  A .  J . ,  1 9 6 0 ,  I g n e o u s  a n d  t e c t o n i c  p r o v i n c e s  o f  t h e  w e s t e r n  
U n i t e d  S t a t e s :  X X I  I n t e r n a t .  G e o l .  C o n g . ,  D e n m a r k ,  p t .  1 3 ,  
p .  1 8 - 2 7 .
1 9 6 2 .  S t r u c t u r a l  g e o l o g y  o f  N o r t h  A m e r i c a :  N e w  Y o r k ,  H a r p e r  
a n d  R o w ,  P u b l i s h e r s ,  7 4 3  p .
E a t o n ,  J .  p . j  1 9 6 3 ,  C r u s t a l  s t r u c t u r e  f r o m  S a n  F r a n c i s c o ,  C a l i f o r n i a ,  
t o  E u r e k a ,  N e v a d a ,  f r o m  s e i s m i c  r e f r a c t i o n  m e a s u r e m e n t s :
J o u r .  G e o p h y s .  R e s e a r c h ,  v .  6 8 ,  n o .  2 0 ,  p .  5 7 8 9 - 5 8 0 6 .
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E a t o n,  J .   H e a l y ,  J .  H . ,  J a c k s o n ,  W .  H . ,  a n d  P a k i s e r ,  L .  C . ,  1 9 6 5 ,  
U p p e r  m a n t l e  v e l o c i t y  a n d  c r u s t a l  s t r u c t u r e  i n  t h e  e a s t e r n  
B a s i n  a n d  R a n g e  p r o v i n c e ,  d e t e r m i n e d  f r o m  S H O A L  a n d  c h e m i c a l  
e x p l o s i o n s  n e a r  D e l t a ,  U t a h  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  
S p e c i a l  P a p e r  8 2 ,  p .  2 5 0 .
E m m o n s,  R .  C . ,  1 9 6 5 ,  S t r i k e - s l i p  c o n t r o l  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  
S p e c i a l  P a p e r  8 2 ,  p .  5 6 .
E s c h e r ,  B .  G . ,  1 9 5 2 ,  R e l a t i o n  b e t w e e n  t h e  m e c h a n i s m  o f  t h e  f o r m a t i o n  
o f  f a u l t  t r o u g h s  a n d  v o l c a n i c  a c t i v i t y :  G e o l .  S o c .  A m e r i c a  
B u l l . ,  v .  6 3 ,  p .  7 4 9 - 7 5 6 .
F e r g u s o n,  H .  G . ,  1 9 2 6 ,  L a t e  T e r t i a r y  a n d  P l e i s t o c e n e  f a u l t i n g  i n  
w e s t e r n  N e v a d a  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  3 7 ,  
p .  1 6 4 .
F e r g u s o n,  H .  G . ,  a n d  C a t h c a r t ,  S .  H . ,  1 9 2 4 ,  M a j o r  s t r u c t u r a l  f e a t u r e s  
o f  s o m e  w e s t e r n  N e v a d a  r a n g e s  [ a b s . ] :  J o u r .  W a s h i n g t o n  A c a d .  
S c i . ,  v .  1 4 ,  p .  3 7 6 - 3 7 9 .
F o o s e ,  R .  M . ,  1 9 6 0 ,  S e c o n d a r y  s t r u c t u r e  a s s o c i a t e d  w i t h  v e r t i c a l
u p l i f t  i n  t h e  B e a r t o o t h  M o u n t a i n s ,  M o n t a n a :  X X I  I n t e r n a t .
G e o l .  C o n g . ,  D e n m a r k ,  p t .  1 8 ,  p .  5 3 - 6 1 .
F o o s e ,  R .  M . ,  W i s e ,  D .  U . ,  a n d  G a r b a r i n i ,  G .  S . ,  1 9 6 1 ,  S t r u c t u r a l  
g e o l o g y  o f  t h e  B e a r t o o t h  M o u n t a i n s ,  M o n t a n a  a n d  W y o m i n g :
G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 2 ,  n o .  8 ,  p .  1 1 4 2 - 1 1 7 3 .
F r a z e r ,  G .  D . ,  W i t k i n d ,  I .  J . ,  a n d  N e l s o n ,  W .  H . ,  1 9 6 4 ,  A  g e o l o g i c a l  
i n t e r p r e t a t i o n  o f  t h e  e p i c e n t r a l  a r e a - - T h e  d u a l  b a s i n  c o n c e p t :  
U .  S .  G e o l .  S u r v e y  P r o f .  P a p e r  4 3 5 ,  p .  9 9 - 1 0 6 .
F u l l e r ,  M .  D . ,  1 9 6 3 ,  M a g n e t i c  e x p r e s s i o n  o f  t r a n s c u r r e n t  f a u l t i n g :  
I n t e r n a t .  A s s o c .  G e o m a g n e t i s m  a n d  A e r o n o m y ,  v .  5 ,  1 3 t h  
G e n e r a l  A s s e m b l y ,  I n t e r n a t .  U n i o n  G e o d o s y  a n d  G e o p h y s i c s ,  
B e r k e l e y ,  C a l i f .
F u l l e r ,  R .  E . ,  a n d  W a t e r s ,  A .  C . ,  1 9 2 9 ,  T h e  n a t u r e  a n d  o r i g i n  o f  t h e
h o r s t  a n d  g r a b e n  s t r u c t u r e  o f  s o u t h e r n  O r e g o n :  J o u r .  G e o l o g y ,  
v .  3 7 ,  p .  2 0 4 - 2 3 8 .
G i a n e l l a ,  V .  P . ,  1 9 3 7 ,  E a r t h q u a k e s :  M i n e r a l o g i s t ,  v .  5 ,  n o .  2 ,  p .  3 - 6 .
—   1 9 4 9 .  V e r d i ,  N e v a d a ,  e a r t h q u a k e  o f  D e c e m b e r  2 9 ,  1 9 4 8  ( a b s . ) :  
G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 0 ,  n o .  1 2 ,  p .  1 9 3 8 .
—  _ _ _ _ 1 9 5 5 ,  F a u l t i n g  a n d  t h e  N e v a d a  e a r t h q u a k e s  o f  1 9 1 5 ,  1 9 3 2 ,
1 9 5 4  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 6 ,  n o .  1 2 ,  
p .  1 6 5 0 .
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1 6 1
1 9 5 7 a ,  E a r t h q u a k e  a n d  f a u l t i n g ,  F o r t  S a g e  M o u n t a i n s ,  C a l i f o r n i a ,  
D e c e m b e r ,  1 9 5 0 :  S e i s m o l .  S o c . A m e r i c a  B u l l . ,  v .  4 7 ,  n o .  3 ,  
p .  1 7 3 - 1 7 7 .
1 9 5 7 b ,  E a r t h q u a k e s  a n d  s u r f a c e  f a u l t i n g  i n  t h e  G r e a t  B a s i n  
"  [ a b s . J :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 8 ,  n o .  1 2 ,  p .  1 8 2 7 - 1 8 2 8 .
1 9 5 9 ,  L e f t - l a t e r a l  f a u l t i n g  i n  O w e n s  V a l l e y ,  C a l i f o r n i a  [ a b s . ] :  
G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 0 ,  p .  1 7 2 1 .
G i a n e ll a,  V .  P . ,  a n d  C a l l a g h a n ,  E . ,  1 9 3 4 a ,  T h e  C e d a r  M o u n t a i n ,  N e v a d a ,  
e a r t h q u a k e  o f  D e c e m b e r  2 0 ,  1 9 3 2 :  S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  
v .  2 4 ,  n o .  4 ,  p .  3 4 5 - 3 8 4 .
_ _ _ _ _ _ 1 9 3 4 b ,  T h e  e a r t h q u a k e  o f  D e c e m b e r  2 0 ,  1 9 3 2 ,  a t  C e d a r  M o u n t a i n ,
N e v a d a ,  a n d  i t s  b e a r i n g  o n  t h e  g e n e s i s  o f  B a s i n  R a n g e  s t r u c t u r e :  
J o u r .  G e o l o g y ,  v .  4 2 ,  p .  1 - 2 2 .
G i b s o n ,  W .  M . ,  1 9 6 1 ,  G e o d i m e t e r  m e a s u r e m e n t s  a c r o s s  t h e  S a n  A n d r e a s  
f a u l t  o f  C a l i f o r n i a  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  S p e c i a l  
P a p e r  6 8 ,  p .  2 7 .
G i l b e r t ,  G .  K . ,  1 9 2 8 ,  S t u d y  o f  B a s i n  R a n g e  s t r u c t u r e :  U .  S .  G e o l .
S u r v e y  P r o f .  P a p e r  1 5 3 ,  9 2  p .
G i l l i l a n d ,  W .  N . ,  1 9 6 3 ,  Z o n a l  r o t a t i o n  a s  a  p o s s i b l e  e x p l a n a t i o n  o f  
g l o b a l  f r a c t u r i n g  [ a b s . ] :  N e b r a s k a  A c a d .  S c i .  P r o c .
G i l l u l y ,  J a m e s ,  1 9 2 8 ,  B a s i n  R a n g e  f a u l t i n g  a l o n g  t h e  O q u i r r h  R a n g e ,
U t a h :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  3 9 ,  n o .  4 ,  p .  1 1 0 3 - 1 1 3 0 .
1 9 5 2 ,  C o n n e c t i o n  b e t w e e n  o r o g e n y  a n d  e p i o r o g e n y  a s  
d e d u c e d  f r o m  t h e  h i s t o r y  o f  t h e  C o l o r a d o  P l a t e a u  a n d  G r e a t  
B a s i n  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 3 ,  n o .  1 2 ,  
p t .  2 ,  p .  1 3 2 9 - 1 3 3 0 .
_ _ _ _ _ _ _ 1 9 6 3 ,  T h e  t e c t o n i c  e v o l u t i o n  o f  t h e  w e s t e r n  U n i t e d  S t a t e s :
G e o l .  S o c .  L o n d o n  Q u a r t .  J o u r . ,  v .  1 1 9 ,  p .  1 3 3 - 1 7 4 .
_ _ _ _ _ _ 1 9 6 5 ,  V o l c a n i s m ,  t e c t o n i s m ,  a n d  p l u t o n i s m  i n  t h e  w e s t e r n
U n i t e d  S t a t e s :  G e o l .  S o c .  A m e r i c a  S p e c i a l  P a p e r  8 0 ,  7 0  p .
G i l l u l y ,  J . ,  a n d  G a t e s ,  O l c o t t ,  1 9 6 5 ,  T e c t o n i c  a n d  i g n e o u s  g e o l o g y  
o f  t h e  n o r t h e r n  S h o s h o n e  R a n g e ,  N e v a d a :  U .  S .  G e o l .  S u r v e y  
P r o f .  P a p e r  4 6 5 ,  1 5 3  p .
G i l l u l y ,  J . ,  W a t e r s ,  A .  C . ,  a n d  W o o d f o r d ,  A .  0 . ,  1 9 5 9 ,  P r i n c i p l e s  o f  
g e o l o g y ,  2 d  e d . :  S a n  F r a n c i s c o ,  W .  H .  F r e e m a n  a n d  C o . ,
5 3 4  p .
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G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 6 ,  p .  6 1 7 - 6 5 0 .
L a r s o n ,  E .  R . ,  1 9 5 4 ,  N e v a d a - - i t s  s t r u c t u r e  a n d  s t r a t i g r a p h y :  P e t r o l .  
E n g . ,  v .  2 6 ,  n o .  9 ,  p .  B 3 0 - B 3 8 .
_ _ _ _ _ _ 1 9 5 7 ,  M i n o r  f e a t u r e s  o f  t h e  F a i r v i e w  f a u l t ,  N e v a d a :  S e i s m o l .
S o c .  A m e r i c a  B u l l . ,  v .  4 7 ,  p .  3 7 7 - 3 8 6 .
L a t h r a m ,  E r n e s t  H . ,  1 9 6 4 ,  A p p a r e n t  r i g h t - l a t e r a l  s e p a r a t i o n  o n  C h a t h a m  
S t r a i t  f a u l t ,  s o u t h e a s t e r n  A l a s k a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  
v .  7 5 ,  p .  2 4 9 - 2 5 2 .
L a u b s c h e r ,  H .  P . ,  1 9 5 8 ,  C r i t i c a l  e x a m i n a t i o n  o f  t h e  " M o o d y  a n d  H i l l
p r i n c i p l e s  o f  w r e n c h  f a u l t  t e c t o n i c s " :  A s s o c i a c i o n  V e n e z o l a n a  
d e  G e o l o g i a ,  M i n e r f a  y  P e t r o l e o ,  B o l e t i n  i n f o r m a t i v o ,  v .  1  
( J u n e ) ,  p .  1 4 - 2 6 .
L a u d e r b a c k ,  G .  D . ,  1 9 2 3 ,  B a s i n  R a n g e  s t r u c t u r e  i n  t h e  G r e a t  B a s i n :
U n i v .  C a l i f .  D e p t .  G e o l .  S c i .  B u l l . ,  v .  1 4 ,  p .  3 2 9 - 3 7 6 .
L a w s o n ,  A .  C . ,  1 9 1 2 ,  T h e  r e c e n t  f a u l t  s c a r p s  a t  G e n o a ,  N e v a d a :  G e o l .  
S o c .  A m e r i c a  B u l l . ,  v .  2 ,  p .  1 9 3 - 2 0 0 .
L a w s o n ,  A .  C . ,  a n d  o t h e r s ,  1 9 0 8 ,  T h e  C a l i f o r n i a  e a r t h q u a k e  o f  A p r i l  1 8 ,  
1 9 0 6 :  W a s h i n g t o n ,  D .  C . ,  C a r n e g i e  I n s t .  W a s h i n g t o n ,  4 5 1  p .
Li n d g r e n , W a l d e m a r ,  1 9 1 1,  T h e  T e r t i a r y  g r a v e l s  o f  t h e  S i e r r a  N e v a d a  
o f  C a l i f o r n i a :  U .  S .  G e o l .  S u r v e y  P r o f .  P a p e r  7 3 ,  2 2 6  p .
L i p m a n ,  P .  w . ,  1 9 6 4 ,  S t r u c t u r e  a n d  o r i g i n  o f  t h e  u l t r a m a f i c  p l u t o n  i n  
K l a m a t h  M o u n t a i n s ,  C a l i f o r n i a :  A m .  J o u r .  S c i . ,  v .  2 6 2 ,  n o .  2 ,  
p .  1 9 9 - 2 2 2 .
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L o c k e,  A . ,  B i l l i n g s l e y ,  P . ,  a n d  M a y o ,  E .  B . ,  1 9 4 0 ,  S i e r r a  N e v a d a
t e c t o n i c  p a t t e r n :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  5 1 ,  p .  5 1 3 - 5 4 0 .
L o m b a r d e , O r s t e  W . ,  1 9 6 4 ,  E x t r e m e  d e f o r m a t i o n  i n  S a l i n e  V a l l e y ,
C a l i f o r n i a ,  a s  r e l a t e d  t o  g e n e r a l  d e f o r m a t i o n  i n  t h e  W e s t e r n  
s t a t e s  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  S p e c i a l  P a p e r  7 6 ,  p .  2 8 1 .
L o n g w ell,  C .  R . ,  1 9 2 6 ,  S t r u c t u r a l  s t u d i e s  i n  s o u t h e r n  N e v a d a  a n d
w e s t e r n  A r i z o n a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  3 7 ,  p .  5 7 3 .
_ _ _ _ _ _ 1 9 2 8 ,  S t r u c t u r e  o f  t h e  M u d d y  M o u n t a i n s ,  N e v a d a :  U t a h  G e o l .
S o c .  G u i d e b o o k  n o .  7 ,  p .  1 0 9 - 1 1 4 .
_ _ _ _ _ _ 1 9 3 0 ,  F a u l t e d  f a n s  w e s t  o f  t h e  S h e e p  R a n g e ,  s o u t h e r n  N e v a d a :
A m .  J o u r .  S c i . ,  v .  2 0 ,  p .  1 - 2 0 .
_ _ _ _ _ 1 9 4 5 ,  L o w - a n g l e  n o r m a l  f a u l t s  i n  B a s i n  a n d  R a n g e  p r o v i n c e :
A m .  G e o p h y s .  U n i o n  T r a n s . ,  v .  2 6 ,  p .  1 0 7 - 1 1 8 .
_ _ _ _ _ 1 9 5 0 ,  T e c t o n i c  t h e o r y  v i e w e d  f r o m  t h e  B a s i n  R a n g e s :  G e o l .
S o c .  A m e r i c a  B u l l . ,  v .  6 1 ,  p .  4 1 3 - 4 3 4 .
_ _ _ _ _ _ _ 1 9 5 1 ,  T h e  p r o b l e m  o f  c r u s t a l  d e f o r m a t i o n  [ a b s . ] :  S c i e n c e ,
v .  1 1 4 ,  n o .  2 9 6 7 ,  p .  4 8 3 - 4 8 4 .
_ _ _ _ _ _ _ 1 9 5 2 ,  B a s i n  a n d  R a n g e  g e o l o g y  w e s t  o f  t h e  S t .  G e o r g e  B a s i n ,
U t a h :  U t a h  G e o l .  S o c .  G u i d e b o o k  n o .  7 ,  p .  2 7 - 4 2 .
_ _ _ _ _ _ _ 1 9 6 0 ,  P o s s i b l e  e x p l a n a t i o n s  o f  d i v e r s e  s t r u c t u r a l  p a t t e r n s
i n  s o u t h e r n  N e v a d a :  J o u r .  S c i . ,  v .  2 5 8 a ,  p .  1 9 2 - 2 0 3 .
L y d e n ,  P .  A . ,  1 9 6 2 ,  G e o l o g i c  h i s t o r y  o f  t h e  n o r t h e r n  S i e r r a  N e v a d a - - A  
s u m m a r y :  S a c r a m e n t o  G e o l .  S o c .  a n d  S a c r a m e n t o  S e c .  C a l i f .  
A s s o c .  E n g .  G e o l .  1 9 6 2  G u i d e b o o k ,  p .  4 - 3 0 .
M a b e y ,  D .  R . ,  1 9 6 0 ,  R e g i o n a l  g r a v i t y  s u r v e y  o f  N e v a d a :  U .  S .  G e o l .  
S u r v e y  P r o f .  P a p e r  4 0 0 - B ,  p .  B 2 8 3 - B 2 8 5 .
_ _ _ _ _ _ _ 1 9 6 3 ,  C o m p l e t e  B o u g u e r  a n o m a l y  m a p  o f  t h e  D e a t h  V a l l e y  r e g i o n :
U .  S .  G e o l .  S u r v e y ,  G e o p h y s .  I n v .  M a p  G P - 3 0 5 .
M a c k i n ,  J .  H o o v e r ,  1 9 5 5 ,  R e l a t i o n s h i p  b e t w e e n  d e f o r m a t i o n  a n d  i g n e o u s  
a c t i v i t y  i n  t h e  C o l o r a d o  P l a t e a u - B a s i n  R a n g e  t r a n s i t i o n  z o n e  
i n  s o u t h w e s t e r n  U t a h  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 6 ,  
p .  1 5 9 2 - 1 5 9 3 .
_ _ _ _ _ _ _ 1 9 5 9 ,  T i m i n g  o f  p o s t - o r o g e n i c  u p l i f t  o f  t h e  R o c k y  M o u n t a i n s
a n d  t h e  C o l o r a d o  P l a t e a u  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  
v .  7 0 ,  n o .  1 2 ,  p .  1 7 3 3 - 1 7 3 4 .
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_ _ _ _ _ _ _ 1 9 6 0 a ,  E r u p t i v e  t e c t o n i c  h y p o t h e s i s  f o r  o r i g i n  o f  B a s i n  a n d
" "   R a n g e  s t r u c t u r e  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 1 ,  
p .  1 9 2 1 .
_ _ _ _ _ _ _ 1 9 6 0 b ,  S t r u c t u r a l  s i g n i f i c a n c e  o f  T e r t i a r y  v o l c a n i c  r o c k s
i n  s o u t h w e s t e r n  U t a h :  A m .  J o u r .  S c i . ,  v .  2 5 8 ,  n o .  2 ,  
p .  8 1 - 1 3 1 .
M a x o n , J .  H . ,  1 9 5 0 ,  P h y s i o g r a p h i c  f e a t u r e s  o f  t h e  P a n a m i n t  R a n g e ,  
C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 1 ,  p .  9 9 - 1 1 4 .
M a x w ell,  J .  C . ,  a n d  W i s e ,  D .  U . ,  1 9 5 8 ,  W r e n c h - f a u l t  t e c t o n i c s ,  A
d i s c u s s i o n :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 9 ,  n o .  7 ,  p .  9 2 7 - 9 2 8 .
M a y o ,  E .  B . ,  1 9 4 1 ,  D e f o r m a t i o n  i n  t h e  i n t e r v a l  M t .  L y e l l - M t .  W h i t n e y ,
C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  5 2 ,  n o .  7 ,  p .  1 0 0 1 - 1 0 8 4 .
M c C u l l o c h ,  T .  H . ,  1 9 6 0 ,  G r a v i t y  v a r i a t i o n s  a n d  t h e  g e o l o g y  o f  t h e  
L o s  A n g e l e s  B a s i n  o f  C a l i f o r n i a :  U .  S .  G e o l .  S u r v e y  P r o f .
P a p e r  4 0 0 - B ,  p .  B 3 2 0 - B 3 2 5 .
M c J a n n e t ,  G .  S . ,  1 9 5 7 ,  G e o l o g y  o f  t h e  P y r a m i d  L a k e - R e d  R o c k  C a n y o n  
a r e a ,  W a s h o e  C o u n t y ,  N e v a d a :  U n p u b .  M .  A .  t h e s i s ,  U n i v .  
C a l i f o r n i a ,  L o s  A n g e l e s ,  m a p  s c a l e  1 : 6 3 , 3 6 0 .
_ _ _ _ _ _ _ 1 9 6 0 ,  G e o l o g i c  m a p  o f  e a s t - c e n t r a l  N e v a d a :  I n t e r m o u n t a i n
A s s o c .  P e t r o l e u m  G e o l o g i s t s  1 1 t h  A n n .  F i e l d  C o n f .  1 9 6 0  
G u i d e b o o k .
M c K i n s t r y ,  H .  E . ,  1 9 5 3 ,  S h e a r s  o f  t h e  s e c o n d  o r d e r :  A m .  J o u r .  S c i . ,  
v .  2 5 1 ,  p .  4 0 1 - 4 1 4 .
M e n a r d ,  H .  W . ,  1 9 5 2 ,  M e n d o c i n o  s u b m a r i n e  e s c a r p m e n t :  J o u r .  G e o l o g y ,  
v .  6 0 ,  p .  2 6 6 - 2 7 8 .
_ _ _ _ _ _ _ 1 9 5 5 ,  D e f o r m a t i o n  o f  t h e  n o r t h e a s t e r n  P a c i f i c  B a s i n  a n d  t h e
w e s t e r n  c o a s t  o f  N o r t h  A m e r i c a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  
v .  6 8 ,  p .  1 1 4 9 - 1 1 9 8 .
_ _ _ _ _ _ 1 9 6 0 ,  T h e  E a s t  P a c i f i c  R i s e :  S c i e n c e ,  v .  1 3 2 ,  p .  1 7 3 7 - 1 7 4 6 .
_ _ _ _ _ _ _ 1 9 6 1 ,  T h e  E a s t  P a c i f i c  R i s e :  S c i .  A m . ,  v .  2 0 5 ,  n o .  6 ,  p .  5 2 - 6 1 .
M e n a r d ,  H .  W . ,  a n d  D i e t z ,  R .  S . ,  1 9 5 1 ,  M e n d o c i n o  s u b m a r i n e  e s c a r p m e n t  
[ C a l i f o r n i a ] :  J o u r .  G e o l o g y ,  v .  6 0 ,  n o .  3 ,  p .  2 6 6 - 2 7 8 .
M i k u m o ,  T a k e s h i ,  1 9 6 5 ,  C r u s t a l  s t r u c t u r e  i n  c e n t r a l  C a l i f o r n i a  i n  
r e l a t i o n  t o  t h e  S i e r r a  N e v a d a  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  
S p e c i a l  P a p e r  8 2 ,  p .  2 2 6 .
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M i s c h ,  P e t e r ,  1 9 6 0 ,  R e g i o n a l  s t r u c t u r a l  r e c o n n a i s s a n c e  i n  c e n t r a l  
n o r t h e a s t  N e v a d a  a n d  s o m e  a d j a c e n t  a r e a s ,  O b s e r v a t i o n s  a n d  
i n t e r p r e t a t i o n s :  I n t e r m o u n t a i n  A s s o c .  P e t r o l e u m  G e o l o g i s t s  
1 1 t h  A n n .  F i e l d  C o n f .  1 9 6 0  G u i d e b o o k ,  p .  1 7 - 4 2 .
M o o d y ,  J .  0 . ,  1 9 6 2 a ,  C o m m e n t s  o n  " T h e  o r i g i n  o f  f o l d i n g  i n  t h e  E a r t h ' s  
c r u s t "  b y  V .  V .  B e l o u s s o v ,  J o u r n a l  o f  G e o p h y s i c a l  R e s e a r c h ,  
J u l y  1 9 6 1 :  H o u s t o n  G e o l .  S o c .  B u l l . ,  v .  4 ,  n o .  5 ,  n .  p .
1 9 6 2 b ,  W r e n c h - f a u l t  t e c t o n i c s :  M i n e s  M a g . ,  v .  5 2 ,  n o .  5 ,
' p.  2 2 - 2 6.
_ _ _ _ _ _ _ 1 9 6 3 ,  T e c t o n i c  p a t t e r n s  o f  m i d d l e  A m e r i c a  [ a b s . ] :  A m .  A s s o c .
P e t r o l e u m  G e o l o g i s t s  B u l l . ,  v .  4 7 ,  n o .  2 ,  p .  3 6 3 - 3 6 4 .
M o o d y ,  J .  D . ,  a n d  H i l l ,  M .  J . ,  1 9 5 6 ,  W r e n c h - f a u l t  t e c t o n i c s :  G e o l .  
S o c .  A m e r i c a  B u l l . ,  v .  6 7 ,  p .  1 2 0 7 - 1 2 4 6 .
_ _ _ _ _ _ _ 1 9 5 8 ,  W r e n c h - f a u l t  t e c t o n i c s :  A  r e s p o n s e :  G e o l .  S o c .  A m e r i c a
B u l l . ,  v .  6 9 ,  p .  9 2 9 - 9 3 0 .
_ _ _ _ _ _ _ 1 9 6 4 ,  W r e n c h - f a u l t  t e c t o n i c s ;  A  r e p l y :  A m .  A s s o c .  P e t r o l e u m
G e o l o g i s t s  B u l l . ,  v .  4 8 ,  n o .  1 ,  p .  1 1 2 - 1 2 2 .
M o o r e ,  J .  G . ,  1 9 5 4 ,  G e o l o g y  o f  t h e  S i e r r a  N e v a d a  F r o n t  n e a r  M o u n t  
B a x t e r ,  C a l i f o r n i a :  U n p u b .  P h . D .  t h e s i s ,  J o h n s  H o p k i n s  
U n i v . ,  1 0 5  p .
_ _ _ _ _ _ _ 1 9 6 0 ,  C u r v a t u r e  o f  n o r m a l  f a u l t s  i n  t h e  B a s i n  a n d  R a n g e
p r o v i n c e  o f  t h e  w e s t e r n  U n i t e d  S t a t e s :  U .  S .  G e o l .  S u r v e y  
P r o f .  P a p e r  4 0 0 - B ,  p .  B 4 0 9 - B 4 1 1 .
M o o r e ,  J .  G . ,  G r a n t z ,  A . ,  a n d  B l a k e ,  M .  C . ,  J r . ,  1 9 6 1 ,  T h e  q u a r t z  
d i o r i t e  l i n e  i n  w e s t e r n  N o r t h  A m e r i c a :  U .  S .  G e o l .  S u r v e y  
P r o f .  P a p e r  4 2 4 - C ,  p .  8 7 - 9 0 .
M o o r e ,  J .  G . ,  a n d  H o p s o n ,  C .  A . ,  1 9 6 1 ,  T h e  i n d e p e n d e n c e  d i k e  s w a r m  
i n  e a s t e r n  C a l i f o r n i a :  A m .  J o u r .  S c i . ,  v .  2 5 9 ,  n o .  4 ,  
p .  2 4 1 - 2 5 9 .
M u l l i n e a u x ,  D .  R . ,  a n d  C r a n d e l l ,  D .  R . ,  1 9 6 0 ,  L a t e  R e c e n t  a g e  o f  
M t .  S t .  H e l e n s  v o l c a n o ,  W a s h i n g t o n :  U .  S .  G e o l .  S u r v e y  
P r o f .  P a p e r  4 0 0 - B ,  p .  3 0 7 - 3 0 8 .
M y e r s ,  B .  W . ,  a n d  H a m i l t o n ,  W a r r e n ,  1 9 6 4 ,  D e f o r m a t i o n  a c c o m p a n y i n g  
t h e  H e b g e n  L a k e  e a r t h q u a k e  o f  A u g u s t  1 7 ,  1 9 5 9 :  U .  S .  G e o l .  
S u r v e y  P r o f .  P a p e r  4 3 5 ,  p .  5 5 - 9 9 .
N a t i o n a l  R e s e a r c h  C o u n c i l ,  C o m m i t t e e  o n  T e c t o n i c s ,  1 9 4 4 ,  T e c t o n i c
m a p  o f  t h e  U n i t e d  S t a t e s :  A m .  A s s o c .  P e t r o l e u m  G e o l o g i s t s ,  
s c a l e  1 : 2 , 5 0 0 , 0 0 0 .
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N e vi n,  A n d r e w  E . ,  1 9 6 5 ,  G e o m e t r y  o f  s t r u c t u r e  i n  t h e  B a s i n  R a n g e
p r o v i n c e  n e a r  B e n t o n ,  M o n o  C o u n t y ,  C a l i f o r n i a  [ a b s . ] :  G e o l .  
S o c .  A m e r i c a  S p e c i a l  P a p e r  8 2 ,  p .  3 3 9 .
N i a y i ,  M . ,  1 9 6 4 ,  S e i s m i c i t y  o f  n o r t h e r n  C a l i f o r n i a  a n d  w e s t e r n  N e v a d a :  
S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  v .  5 4 ,  n o .  2 ,  p .  8 4 5 - 8 5 0 .
N i e l s o n ,  R i c h a r d  L . ,  1 9 6 2 ,  R i g h t - l a t e r a l  s t r i k e - s l i p  f a u l t i n g  i n  
w e s t - c e n t r a l  N e v a d a :  G e o l .  S o c .  A m e r i c a  S p e c i a l  P a p e r  7 3 ,  
p .  5 3 .
1 9 6 5 ,  R i g h t - l a t e r a l  s t r i k e - s l i p  f a u l t i n g  i n  t h e  W a l k e r  L a n e ,  
w e s t - c e n t r a l  N e v a d a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 6 ,  n o .  1 1 ,  
p .  1 3 0 1 - 1 3 0 7 .
N o b l e ,  J .  A . ,  a n d  T a y l o r ,  H .  P . ,  1 9 6 0 ,  C o r r e l a t i o n  o f  u l t r a m a f i c
c o m p l e x e s  o f  s o u t h e a s t e r n  A l a s k a  w i t h  t h o s e  i n  o t h e r  p a r t s  
o f  N o r t h  A m e r i c a  a n d  t h e  w o r l d :  X X I  I n t e r n a t .  G e o l .  C o n g . ,  
D e n m a r k ,  p t .  1 3 ,  p .  1 8 8 - 1 9 7 .
N o l a n ,  T h o m a s  B . ,  1 9 4 3 ,  T h e  B a s i n  a n d  R a n g e  p r o v i n c e  i n  U t a h ,  N e v a d a ,  
a n d  C a l i f o r n i a :  U .  S .  G e o l .  S u r v e y  P r o f .  P a p e r  1 9 7 - D ,  1 9 6  p .
_ _ _ _ _ _ _ 1 9 6 2 ,  T h e ' E u r e k a  m i n i n g  d i s t r i c t ,  N e v a d a :  U .  S .  G e o l .  S u r v e y
P r o f .  P a p e r  4 0 6 ,  7 8  p .
N o r t o n ,  M .  F . ,  1 9 6 0 ,  A p p a l a c h i a n  t e c t o n i c s :  X X I  I n t e r n a t .  G e o l .
C o n g , ,  D e n m a r k ,  p t .  1 8 ,  p .  6 9 - 8 0 .
O e r t e l ,  G . ,  1 9 6 2 ,  S t r e s s ,  s t r a i n  a n d  f r a c t u r e  i n  c l a y  m o d e l s  o f  
g e o l o g i c  d e f o r m a t i o n :  G e o t i m e s ,  v .  6 ,  n o .  8 ,  p .  2 6 - 3 1 .
_ _ _ _ _ _ _ 1 9 6 5 ,  T h e  m e c h a n i s m  o f  f a u l t i n g  i n  c l a y  e x p e r i m e n t s :
T e c t o n o p h y s i c s ,  v .  2 ,  n o .  5 ,  p .  3 4 3 - 3 9 3 .
O l g e ,  B .  A . ,  1 9 5 2 ,  M a j o r  s h e a r  z o n e  a t  F a l s e  C a p e ,  H u m b o l d t  C o u n t y ,
C a l i f o r n i a  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 3 ,  p .  1 3 4 1 .
O l i v e r ,  H .  W . ,  a n d  M a b e y ,  D .  R . ,  1 9 6 3 ,  A n o m a l o u s  g r a v i t y  f i e l d  i n  
e a s t - c e n t r a l  C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 4 ,  
n o .  1 0 ,  p .  1 2 9 3 - 1 2 9 8 .
O s m o n d ,  J .  C . ,  1 9 6 0 ,  T e c t o n i c  h i s t o r y  o f  B a s i n  a n d  R a n g e :  M i n i n g  
•  E n g . ,  v .  1 2 ,  p .  2 5 1 - 2 6 5 .
P a g e ,  B e n  M . ,  1 9 3 5 ,  B a s i n  R a n g e  f a u l t i n g  o f  1 9 1 5  i n  P l e a s a n t  V a l l e y ,  
N e v a d a :  J o u r .  G e o l o g y ,  v .  4 3 ,  p .  6 9 0 - 7 0 7 .
P a g e ,  W .  D e l a n o ,  1 9 6 5 ,  R e c o n n a i s s a n c e  g e o l o g y  o f  t h e  H o g  H e a v e n  m i n i n g  
d i s t r i c t  a n d  v i c i n i t y ,  F l a t h e a d  a n d  S a n d e r s  C o u n t i e s ,  M o n t a n a  
[ a b s . ] :  G e o l .  S o c .  A m e r i c a  S p e c i a l  P a p e r  8 2 ,  p .  3 4 1 .
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P a k i s e r ,  L .  C . ,  1 9 6 0 a ,  G r a v i t y  i n  v o l c a n i c  a r e a s ,  C a l i f o r n i a  a n d  
I d a h o  [ a b s . ] :  J o u r .  G e o p h y s .  R e s e a r c h ,  v .  6 5 ,  n o .  8 ,  
p.  2 5 1 5 .
1 9 6 0 b ,  T r a n s c u r r e n t  f a u l t i n g  a n d  v o l c a n i s m  i n  O w e n s  V a l l e y ,  
C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 1 ,  p .  1 5 3 - 1 6 0 .
1 9 6 0 c ,  V o l c a n i s m  i n  e a s t e r n  C a l i f o r n i a — A  p r o p o s e d  e r u p t i o n  
m e c h a n i s m :  U .  S .  G e o l .  S u r v e y  P r o f .  P a p e r  4 0 0 - B ,  p .  B 4 1 1 - B 4 1 4 .
_ _ _ _ _ _ 1 9 6 4 ,  G r a v i t y ,  v o l c a n i s m  a n d  c r u s t a l  s t r u c t u r e ,  s o u t h e r n
C a s c a d e  R a n g e ,  C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 5 ,  
n o .  7 ,  p .  6 1 1 - 6 2 0 .
P a k i s e r ,  L .  C . ,  a n d  H i l l ,  D .  P . ,  1 9 6 3 ,  C r u s t a l  s t r u c t u r e  i n  N e v a d a  
a n d  s o u t h e r n  I d a h o  f r o m  n u c l e a r  e x p l o s i o n s :  J o u r .  G e o p h y s .  
R e s e a r c h ,  v .  6 8 ,  n o .  2 0 ,  p .  5 7 5 7 - 5 7 6 6 .
P a k i s e r ,  L .  C . ,  P r e s s ,  F r a n k ,  a n d  K a n e ,  M .  F . ,  1 9 6 0 ,  G e o p h y s i c a l
i n v e s t i g a t i o n  o f  M o n o  B a s i n ,  C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  
B u l l . ,  v .  7 1 ,  n o .  4 ,  p .  4 1 5 - 4 4 7 .
P a r d e e ,  J .  T . ,  1 9 5 0 ,  L a t e  C e n o z o i c  b l o c k  f a u l t i n g  i n  w e s t e r n  M o n t a n a :  
G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 1 ,  p .  3 5 9 - 4 0 6 .
P e c k ,  D a l l a s  L . ,  1 9 6 0 ,  C e n o z o i c  v o l c a n i s m  i n  t h e  O r e g o n  C a s c a d e s :
U .  S .  G e o l .  S u r v e y  P r o f .  P a p e r  4 0 0 - B ,  p .  3 0 8 - 3 1 0 .
P h i l b i n ,  P .  W . ,  M e u s c h k e ,  J .  L . ,  a n d  M c C a s l i n ,  W .  E . ,  1 9 6 3 ,  A e r o - m a g n e t i c  
m a p  o f  t h e  R o b e r t s  M o u n t a i n s  a r e a ,  N e v a d a :  G e o p h y s .  I n v .  P r e l i m .  
M a p ,  U .  S .  G e o l .  S u r v e y ,  o p e n  f i l e  r e p t .
P r e s s ,  F r a n k ,  1 9 5 6 ,  D e t e r m i n a t i o n  o f  c r u s t a l  s t r u c t u r e  f r o m  p h a s e
v e l o c i t y  o f  R a y l e i g h  w a v e s ,  s o u t h e r n  C a l i f o r n i a :  G e o l .  S o c .  
A m e r i c a  B u l l . ,  v .  6 7 ,  n o .  1 2 ,  p .  1 6 4 7 - 1 6 5 8 .
_ _ _ _ _ _ _ 1 9 5 9 ,  S o m e  i m p l i c a t i o n s  o n  m a n t l e  a n d  c r u s t a l  s t r u c t u r e
f r o m  G  w a v e s  a n d  L o v e  w a v e s :  J o u r .  G e o p h y s .  R e s e a r c h ,  v .  6 4 ,  
p .  5 6 5 - 5 6 8 .
1 9 6 0 .  C r u s t a l  s t r u c t u r e  i n  t h e  C a l i f o r n i a - N e v a d a  r e g i o n :
J o u r .  G e o p h y s .  R e s e a r c h ,  v .  6 5 ,  p .  1 0 3 9 - 1 0 5 1 .
1 9 6 1 .  C r u s t a l  a n d  u p p e r  m a n t l e  s t r u c t u r e  o f  t h e  e a s t e r n  
P a c i f i c  O c e a n  a n d  a d j a c e n t  c o n t i n e n t  [ a b s . ] :  1 0 t h  P a c i f i c  
S c i .  C o n g . ,  H o n o l u l u ,  A b s .  S y m p .  P a p e r s ,  p .  3 6 3 .
P r e s s ,  F r a n k ,  a n d  B i e h l e r ,  S h a w n ,  1 9 6 5 ,  T h e r m a l  a r g u m e n t  f o r  v e l o c i t y  
r e v e r s a l  i n  t h e  S i e r r a  N e v a d a  c r u s t  [ a b s . ] :  G e o l .  S o c .
A m e r i c a  S p e c i a l  P a p e r  8 2 ,  p .  2 7 0 - 2 7 1 .
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P r u c h a,  J .   1 9 6 4 ,  T h e  M o o d y  a n d  H i l l  s y s t e m  o f  w r e n c h  f a u l t  t e c t o n i c s ,
A  d i s c u s s i o n :  A m .  A s s o c .  P e t r o l e u m  G e o l o g i s t s  B u l l . ,  v .  4 8 ,  
n o .  1 ,  p .  1 0 6 - 1 1 1 .
R a f f ,  A *  0 . ,  a n d  M a s o n ,  R .  G . ,  1 9 6 1 ,  M a g n e t i c  s u r v e y  o f f  t h e  w e s t  c o a s t  
o f  N o r t h  A m e r i c a  4 0 °  N .  l a t i t u d e  t o  5 2 °  N .  l a t i t u d e :  G e o l .
S o c .  A m e r i c a  B u l l . ,  v .  7 2 ,  p .  1 2 6 7 - 1 2 7 0 .
R a i s z ,  E r w i n ,  1 9 3 9 ,  L a n d f o r m  m a p  o f  t h e  U n i t e d  S t a t e s :  I n s t .  G e o g .  
E x p l o r . ,  H a r v a r d  U n i v . ,  s c a l e  1 : 4 , 6 2 5 , 0 0 0 .
1 9 4 5 ,  T h e  O l y m p i c - W a l l o w a  l i n e a m e n t :  A m .  J o u r .  S c i . ,  v .  2 4 3 a ,  
p .  4 7 9 .
R e i t a n,  P a u l  H . ,  1 9 6 2 ,  E n i g m a  o f  h e a t  m e t a m o r p h i s m ,  A  c o n t r i b u t i o n  t o  
i t s  s o l u t i o n  [ a b a . ] :  G e o l .  S o c .  A m e r i c a  S p e c i a l  P a p e r  7 3 ,
p .  6 1 .
R i c h t e r ,  C .  F . ,  1 9 5 5 ,  F o r e s h o c k s  a n d  a f t e r s h o c k s :  C a l i f .  D i v .  M i n e s  
B u l l .  1 7 1 ,  p .  1 7 7 - 1 9 7 .
R o b e r t s ,  R .  J . ,  1 9 6 0 ,  A l i g n m e n t  o f  m i n e r a l  d i s t r i c t s  i n  n o r t h - c e n t r a l  
N e v a d a :  U .  S .  G e o l .  S u r v e y  P r o f .  P a p e r  4 0 0 B ,  p .  B 1 7 - B 1 9 .
_ _ _ _ _ _ _ 1 9 6 4 ,  E c o n o m i c  g e o l o g y ,  i n  M i n e r a l  a n d  w a t e r  r e s o u r c e s  o f
N e v a d a :  N e v a d a  B u r .  M i n e s  B u l l .  6 5 ,  p .  3 9 - 4 6 .
R o b e r t s ,  R .  J . ,  H o t z ,  P .  E . ,  G i l l u l y ,  J . ,  a n d  F e r g u s o n ,  H .  G . ,  1 9 5 8 ,
P a l e o z o i c  r o c k s  o f  n o r t h - c e n t r a l  N e v a d a :  A m .  A s s o c .  P e t r o l e u m  
G e o l o g i s t s  B u l l . ,  v .  4 2 ,  n o .  1 2 ,  p .  2 8 1 3 - 2 8 5 7 .
R o b e r t s ,  R .  J . ,  a n d  T o o k e r ,  E .  W . ,  1 9 6 1 ,  S t r u c t u r a l  g e o l o g y  o f  t h e  
n o r t h  e n d  o f  t h e  O q u i r r h  M o u n t a i n s ,  U t a h ,  i n  G e o l o g y  o f  t h e  
B i n g h a m  m i n i n g  d i s t r i c t  a n d  n o r t h e r n  O q u i r r h  M o u n t a i n s :
U t a h  G e o l .  S o c .  G u i d e b o o k  n o .  1 6 ,  p .  3 6 - 4 8 .
R o d ,  E . ,  1 9 5 8 ,  A p p l i c a t i o n  o f  p r i n c i p l e s  o f  w r e n c h - f a u l t  t e c t o n i c s  
o f  M o o d y  a n d  H i l l  t o  n o r t h e r n  S o u t h  A m e r i c a :  G e o l .  S o c .
A m e r i c a  B u l l . ,  v .  6 9 ,  n o .  7 ,  p .  9 3 3 - 9 3 6 .
_ _ _ _ _ _ _ 1 9 6 0 ,  S t r i k e - s l i p  f a u l t  o f  c o n t i n e n t a l  i m p o r t a n c e  i n  B o l i v i a :
A m .  A s s o c .  P e t r o l e u m  G e o l o g i s t s  B u l l . ,  v .  4 4 ,  n o .  1 ,  p .  1 0 7 - 1 1 0 .
R o l l e r ,  J o h n  C . ,  C r u s t a l  s t r u c t u r e  i n  t h e  v i c i n i t y  o f  L a s  V e g a s ,
N e v a d a ,  f r o m  s e i s m i c  a n d  g r a v i t y  o b s e r v a t i o n s :  U .  S .  G e o l .  
S u r v e y  P r o f .  P a p e r  4 7 5 - D ,  p .  1 0 8 - 1 1 1 .
C . ,  1 9 5 7 ,  S e i s m i c  w a v e s  f r o m  t h e  D i x i e  V a l l e y - F a i r v i e w  P e a k  
e a r t h q u a k e :  S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  v .  4 7 ,  p .  3 0 1 - 3 1 9 .
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m. s . tr ol e u  o g t s u .,  4  o   P• 7 1 1 0  
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R o s s,  C l y d e  P . ,  1 9 6 5 ,  I d a h o  b a t h o l i t h  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  
S p e c i a l  P a p e r  8 2 ,  p .  3 4 3 .
R u n c o r n,  S .  K . ,  e d . ,  1 9 6 2 ,  C o n t i n e n t a l  d r i f t :  N e w  Y o r k ,  A c a d e m i c  
P r e s s ,  3 3 8  p .
R u p p el,  E d w a r d  T . ,  1 9 6 5 ,  S t r i k e - s l i p  f a u l t i n g  a n d  b r o k e n  b a s i n  r a n g e s  
i n  e a s t  c e n t r a l  I d a h o  a n d  a d j a c e n t  M o n t a n a  [ a b s . ] :  G e o l .
S o c .  A m e r i c a  S p e c i a l  P a p e r  8 2 ,  p .  3 4 4 .
R u s n a k , G .  A . ,  F i s h e r ,  R .  L . ,  a n d  S h e p a r d ,  F .  P . ,  1 9 6 4 ,  B a t h y m e t r y  
a n d  f a u l t s  o f  G u l f  o f  C a l i f o r n i a ,  j i n  V a n  A n d e l ,  T .  H . ,  a n d  
S h o r ,  G .  G . ,  J r . ,  e d s . ,  M a r i n e  g e o l o g y  o f  t h e  G u l f  o f  
C a l i f o r n i a :  A m .  A s s o c .  P e t r o l e u m  G e o l o g i s t s  M e m o i r  3 ,  
p .  5 9 - 7 5 .
R u s s e l l ,  R .  J . ,  1 9 2 8 ,  B a s i n  R a n g e  s t r u c t u r e  a n d  s t r a t i g r a p h y  o f  t h e  
W a r n e r  R a n g e ,  n o r t h e a s t e r n  C a l i f o r n i a :  U n i v .  C a l i f o r n i a  
D e p t .  G e o l .  S c i .  B u l l . ,  v .  1 7 ,  p .  4 6 6 - 4 8 4 .
S a n f o r d ,  A .  R . ,  1 9 5 9 ,  A n a l y t i c a l  a n d  e x p e r i m e n t a l  s t u d y  o f  s i m p l e  
g e o l o g i c  s t r u c t u r e s :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 0 ,  
p .  1 9 - 5 2 .
S c h e i d e g g e r ,  A .  E . ,  1 9 5 5 ,  T h e  p h y s i c s  o f  o r o g e n e s i s  i n  t h e  l i g h t  o f  
n e w  s e i s m o l o g i c a l  e v i d e n c e :  R o y a l  S o c .  C a n a d a  T r a n s . ,  v .  4 9 ,  
p .  6 5 - 9 3 .
_ _ _ _ _ _ _ 1 9 5 9 a ,  N o t e  o n  t h e  t e c t o n i c s  o f  K e r n  C o u n t y ,  C a l i f o r n i a ,
a s  e v i d e n c e d  b y  t h e  1 9 5 2  e a r t h q u a k e s :  J o u r .  G e o p h y s .
R e s e a r c h ,  v .  6 4 ,  n o .  1 0 ,  p .  1 4 9 9 - 1 5 0 1 .
_ _ _ _ _ _ _ 1 9 5 9 b ,  S t a t i s t i c a l  a n a l y s i s  o f  r e c e n t  f a u l t  p l a n e  s o l u t i o n s
o f  e a r t h q u a k e s :  S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  v .  4 9 ,  n o .  4 ,  
p .  3 3 7 - 3 4 7 .
_ _ _ _ _ _ _ 1 9 5 9 c ,  S t r e s s e s  i n  t h e  e a r t h ' s  c r u s t  [ a b s . ] :  G e o l .  S o c .
A m e r i c a  B u l l . ,  v .  7 0 ,  n o .  1 2 ,  p .  1 7 4 7 - 1 7 7 6 .
_ _ _ _ _ _ _ 1 9 6 0 ,  T h e  o r o g e n i c  s i g n i f i c a n c e  o f  a  s o f t  l a y e r  a t  1 4 0  k m
d e p t h :  J o u r .  G e o l o g y ,  v .  6 8 ,  n o .  2 ,  p .  1 7 7 - 1 8 1 .
-  1 9 6 3 .  P r i n c i p l e s  o f  g e o d y n a r a i c s ,  2 d  e d . :  N e w  Y o r k ,  A c a d e m i c
■  P r e s s ,  2 8 0  p .
S c h e i d e g g e r ,  A .  E . ,  a n d  W i l s o n ,  J .  T . ,  1 9 5 0 ,  A n  i n v e s t i g a t i o n  i n t o  
p o s s i b l e  m e t h o d s  o f  f a i l u r e  o f  t h e  E a r t h :  G e o l .  A s s o c .
C a n a d a  P r o c . ,  v .  3 ,  p .  1 6 7 - 1 9 0 .
S e i s m o l o g i c a l  S o c i e t y  o f  A m e r i c a ,  1 9 5 9 ,  S e i s m o l o g i c a l  n o t e s :  S e i s m o l .  
S o c .  A m e r i c a  B u l l . ,  v .  4 9 ,  n o .  4 ,  p .  4 1 5 - 4 2 1 .
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S e w a r d , A l l e n  E . ,  1 9 5 9 ,  G e o l o g i c  m a p  o f  t h e  s o u t h e r n  p o r t i o n  o f  t h e
R e i p t o w n  q u a d r a n g l e ,  W h i t e  P i n e  C o u n t y ,  N e v a d a :  U n p u b .  M .  A .  
t h e s i s ,  U n i v .  S o u t h e r n  C a l i f o r n i a ,  s c a l e  1 : 2 4 , 0 0 0 .
S h a r p ,  R .   1 9 3 9 ,  B a s i n - R a n g e  s t r u c t u r e  o f  t h e  R u b y - E a s t  H u m b o l d t
R a n g e ,  n o r t h e a s t e r n  N e v a d a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  5 0 ,  
p.  8 8 1 - 9 2 0.
1 9 4 2 ,  S t r a t i g r a p h y  a n d  s t r u c t u r e  o f  t h e  s o u t h e r n  R u b y  M o u n t a i n s ,  
N e v a d a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  5 3 ,  p .  6 4 7 - 6 9 0 .
S h a r p ,  R o b e r t  V . ,  1 9 6 5 ,  D i s p l a c e m e n t  o n  t h e  S a n  J a c i n t o  f a u l t ,  
s o u t h e r n  C a l i f o r n i a  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  S p e c i a l  
P a p e r  8 2 ,  p .  1 8 2 .
S h a w e ,  D a n i e l  R . ,  1 9 6 5 ,  S t r i k e - s l i p  c o n t r o l  o f  B a s i n - R a n g e  s t r u c t u r e  
i n d i c a t e d  b y  h i s t o r i c a l  f a u l t s  i n  w e s t e r n  N e v a d a :  G e o l .  S o c .  
A m e r i c a  B u l l . ,  v .  7 6 ,  n o .  1 1 ,  p .  1 3 6 1 - 1 3 7 7 .
S h e p a r d ,  F .  P . ,  1 9 5 7 ,  N o r t h w a r d  c o n t i n u a t i o n  o f  t h e  S a n  A n d r e a s  r i f t :  
S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  v .  4 7 ,  p .  2 6 3 - 2 6 6 .
S h u m s k i i ,  P .  A . ,  1 9 6 4 ,  P r i n c i p l e s  o f  s t r u c t u r a l  g l a c i a l o g y :  D o v e r  
P u b l i s h i n g  C o . ,  4 9 7  p .
S i l b e r l i n g ,  N .  J . ,  a n d  R o b e r t s ,  R .  J . ,  1 9 6 2 ,  P r e - T e r t i a r y  s t r a t i g r a p h y  
a n d  s t r u c t u r e  o f  n o r t h w e s t e r n  N e v a d a :  G e o l .  S o c .  A m e r i c a  
S p e c i a l  P a p e r  7 2 ,  5 3  p .
S l e m m o n s ,  D .  B . ,  1 9 5 6 ,  G e o l o g i c  s e t t i n g  f o r  t h e  F a l l o n - S t i l l w a t e r  
e a r t h q u a k e s  o f  1 9 5 4 :  S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  v .  4 6 ,  
n o .  1 ,  p .  4 - 9 .
_ _ _ _ _ _ _ 1 9 5 7 ,  G e o l o g i c a l  e f f e c t s  o f  t h e  D i x i e  V a l l e y - F a i r v i e w  P e a k ,
N e v a d a ,  e a r t h q u a k e  o f  D e c e m b e r  1 6 ,  1 9 5 4 :  S e i s m o l .  S o c .
A m e r i c a  B u l l . ,  v .  4 7 ,  p .  3 5 3 - 3 7 5 .
_ _ _ _ _ _ _ 1 9 6 2 ,  T h e  D i x i e  V a l l e y - F a i r v i e w  P e a k  e a r t h q u a k e s  o f  D e c e m b e r  1 6 ,
1 9 5 4 :  S a c r a m e n t o  G e o l .  S o c .  G u i d e b o o k ,  p .  8 1 - 8 4 .
S l e m m o n s ,  D .  B . ,  J o n e s ,  A .  E . ,  a n d  G i m l e t t ,  J .  I . ,  1 9 6 5 ,  C a t a l o g  o f  
N e v a d a  e a r t h q u a k e s ,  1 8 5 2 - 1 9 6 0 :  S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  
v .  5 5 ,  n o .  2 ,  p .  5 1 9 - 5 6 5 .
S l e m m o n s ,  D .  B . ,  a n d  R y a l l ,  A .  S . ,  1 9 6 6 ,  B a s i n  a n d  R a n g e  t e c t o n i s m  
f r o m  s t u d i e s  o f  s u r f a c e  f a u l t i n g ,  g e o d e s y ,  a n d  s e i s m i c i t y  
[ a b s . ] ,  j i n  A b s .  o f  P a p e r s  P r e s e n t e d  a t  t h e  A n n .  M e e t i n g  
G e o l .  S o c .  A m e r i c a ,  C o r d i l l e r a n  S e c .  ( A p r i l ,  1 9 6 6 ) ,  R e n o ,
N e v . ,  p .  6 6 - 6 7 .
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Sl e m m o n s, D .  B . ,  S t e i n b u r g g e ,  K .  V . ,  T o c h e r ,  D . ,  O a k s h o o t ,  G .  B . ,  a n d  
G i a n e l l a ,  V .  P . ,  1 9 5 9 ,  W o n d e r ,  N e v a d a ,  e a r t h q u a k e  o f  1 9 0 3 :  
S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  v .  4 9 ,  n o .  3 ,  p .  2 5 1 - 2 6 5 .
Sl e m m o n s , D .  B . ,  a n d  o t h e r s ,  i n  p r e s s ,  F a u l t  m a p  o f  t h e  G r e a t  B a s i n .
S m i t h ,  G .  I . ,  1 9 6 0 ,  E s t i m a t e  o f  t o t a l  d i s p l a c e m e n t  o n  t h e  G a r l o c k  
f a u l t ,  s o u t h e a s t e r n  C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  
v .  7 1 ,  p .  1 9 7 9 .
S m i t h ,  J a n  G . ,  1 9 6 5 ,  F u n d a m e n t a l  t r a n s c u r r e n t  f a u l t i n g  i n  t h e  n o r t h e r n  
R o c k y  M o u n t a i n s :  A m .  A s s o c .  P e t r o l e u m  G e o l o g i s t s  B u l l . ,  v .  4 9 ,  
n o .  9 ,  p .  1 3 9 8 - 1 4 0 9 .
S m it h,  M .  B . ,  1 9 6 4 ,  D i s t r i b u t i o n  a n d  c o n f i g u r a t i o n  o f  b a s e m e n t  r o c k s  
i n  C a l i f o r n i a :  U .  S .  G e o l .  S u r v e y  O i l  I n v .  M a p  O M - 2 1 5 .
S n a v e l y ,  P .  D . ,  J r . ,  a n d  H o l l y ,  C .  W . ,  1 9 6 3 ,  T e r t i a r y  o f  w e s t e r n  
O r e g o n  a n d  W a s h i n g t o n :  W a s h i n g t o n  D i v .  M i n e s  a n d  G e o l .
R e p t .  I n v .  n o .  2 2 ,  2 5  p .
S o n d e r ,  R .  A . ,  1 9 4 7 ,  S h e a r  p a t t e r n s  o f  t h e  e a r t h ' s  c r u s t - - A  d i s c u s s i o n :  
A m .  G e o p h y s .  U n i o n  T r a n s . ,  v .  2 8 ,  p .  9 3 9 - 9 4 6 .
S t a a t z ,  M .  H . ,  1 9 6 0 ,  T h e  R e p u b l i c  g r a b e n ,  a  m a j o r  s t r u c t u r e  i n  
n o r t h e a s t e r n  W a s h i n g t o n :  U .  S .  G e o l .  S u r v e y  P r o f .
P a p e r  4 0 0 - B ,  p .  3 0 4 - 3 0 6 .
S t a i n s b u r y ,  C .  L . ,  a n d  T w e n h o f e l ,  W .  S . ,  1 9 5 4 ,  F a u l t  p a t t e r n s  o f
s o u t h e a s t e r n  A l a s k a  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 5 ,  
p .  1 3 0 0 .
S t .  A m a n d ,  P i e r r e ,  1 9 5 7 ,  G e o l o g i c a l  a n d  g e o p h y s i c a l  s y n t h e s i s  o f  t h e
t e c t o n i c s  o f  p o r t i o n s  o f  B r i t i s h  C o l u m b i a ,  t h e  Y u k o n  T e r r i t o r y ,  
a n d  A l a s k a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 8 ,  p .  1 3 4 3 - 1 3 7 0 .
_ _ _ _ _ _ 1 9 6 1 ,  T h e  r o l e  o f  l a t e r a l  f a u l t i n g  i n  t h e  c i r c u m - P a c i f i c
o r o g e n y - - I s  t h e  P a c i f i c  B a s i n  r o t a t i n g ?  [ a b s . ] :  9 t h  P a c i f i c  
S c i .  C o n g .  P r o c . ,  B a n g k o k ,  T h a i l a n d ,  1 9 5 7 ,  v .  1 2 ,  p .  6 5 .
S t e e l e ,  G r a n t ,  1 9 5 9 ,  B a s i n  R a n g e  s t r u c t u r e  r e f l e c t s  P a l e o z o i c  t e c t o n i c s  
a n d  s e d i m e n t a t i o n  [ a b s . ] :  A m .  A s s o c .  P e t r o l e u m  G e o l o g i s t s  
B u l l . ,  y .  4 3 ,  p .  1 1 0 5 .
S t o k e s ,  W .  L . ,  1 9 6 5 ,  A n a l y s i s  o f  e a s t e r n  G r e a t  B a s i n  f a u l t  p a t t e r n s  
[ a b s . ] :  G e o l .  S o c .  A m e r i c a  S p e c i a l  P a p e r  8 2 ,  p .  1 9 6 .
S t o s e ,  G .  W . ,  a n d  L j u n g s t e d t ,  0 .  A . ,  1 9 3 3 ,  G e o l o g i c  m a p  o f  t h e  U n i t e d  
S t a t e s :  U .  S .  G e o l .  S u r v e y ,  s c a l e  1 : 2 , 5 0 0 , 0 0 0 .
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T a g g,  K .  M . , a n d  o t h e r s ,  1 9 6 4 ,  G e n e r a l i z e d  g e o l o g i c  m a p  o f  N e v a d a ,
i n  M i n e r a l  a n d  w a t e r  r e s o u r c e s  o f  N e v a d a :  N e v a d a  B u r .  M i n e s  
B u l l .  6 5 ,  p .  1 2 .
T a l i a f e r r o ,  N .  L . ,  1 9 5 1 ,  G e o l o g i c  g u i d e b o o k  o f  t h e  S a n  F r a n c i s c o  
B a y  c o u n t i e s :  C a l i f .  D i v .  M i n e s  B y l l . ,  v .  1 5 4 ,  3 9 2  p .
T a n n e r,  W .  F . ,  1 9 6 2 ,  S u r f a c e  s t r u c t u r a l  p a t t e r n s  o b t a i n e d  f r o m  
s t r i k e - s l i p  m o d e l s :  J o u r .  G e o l o g y ,  v .  7 0 ,  p .  1 0 1 - 1 0 7 .
T h o m p s o n ,  G .  A . ,  1 9 5 2 ,  B a s i n  R a n g e  s t r u c t u r e  s o u t h  o f  R e n o ,  N e v a d a :  
G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 3 ,  n o .  1 2 ,  p .  1 3 0 3 - 1 3 0 4 .
_ _ _ _ _ 1 9 5 6 ,  G e o l o g y  o f  t h e  V i r g i n i a  C i t y  q u a d r a n g l e ,  N e v a d a :
U .  S .  G e o l .  S u r v e y  B u l l .  1 0 4 2 - C ,  p .  4 5 - 7 7 ,  g e o l o g i c  m a p .
_ _ _ _ _ _ _ 1 9 5 7 ,  C r u s t a l  m o d e l s  f o r  t h e  S i e r r a  N e v a d a  a t  t h e  l a t i t u d e
o f  R e n o ,  N e v a d a ,  b a s e d  o n  g r a v i t y  m e a s u r e m e n t s  [ a b s . ] :  G e o l .  
S o c .  A m e r i c a  B u l l . ,  v .  6 8 ,  n o .  1 2 ,  p t .  2 ,  p .  1 8 5 5 .
_ _ _ _ _ _ _ 1 9 5 9 ,  G r a v i t y  m e a s u r e m e n t s  b e t w e e n  H a z e n  a n d  A u s t i n ,  N e v a d a ,
A  s t u d y  o f  B a s i n - R a n g e  s t r u c t u r e :  J o u r .  G e o p h y s .  R e s e a r c h ,  
v .  6 4 ,  p .  2 1 7 - 2 2 9 .
_ _ _ _ _ _ _ 1 9 6 0 a ,  C r u s t a l  s t r u c t u r e  a n d  C e n o z o i c  d e f o r m a t i o n  i n  t h e
B a s i n  R a n g e  p r o v i n c e  [ a b s ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 1 ,  
n o .  1 2 ,  p .  1 9 9 3 - 1 9 9 4 .
_ _ _ _ _ _ _ 1 9 6 0 b ,  P r o b l e m  o f  l a t e  C e n o z o i c  s t r u c t u r e  o f  t h e  B a s i n  R a n g e s :
X X I  I n t e r n a t .  G e o l .  C o n g . ,  D e n m a r k ,  p t .  1 8 ,  p .  6 2 - 6 8 .
T h o m p s o n ,  G .  A . ,  a n d  S a n d b e r g ,  C .  H . ,  1 9 5 8 ,  S t r u c t u r a l  s i g n i f i c a n c e
o f  g r a v i t y  s u r v e y s  i n  t h e  V i r g i n i a  C i t y - M t .  R o s e  a r e a ,  N e v a d a  
a n d  C a l i f o r n i a :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 9 ,  n o .  1 0 ,  
p .  1 2 6 9 - 1 2 8 1 .
T h o m p s o n ,  G .  A . ,  a n d  T a l w a n i ,  M a n i k ,  1 9 5 9 ,  C r u s t a l  s e c t i o n  a c r o s s  
C a l i f o r n i a  a n d  S i e r r a  N e v a d a  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  
B u l l . ,  v .  7 0 ,  n o .  1 2 ,  p .  1 6 8 8 .
_ _ _ _ _ _ _ 1 9 6 4 a ,  C r u s t a l  s t r u c t u r e  f r o m  P a c i f i c  B a s i n  t o  c e n t r a l  N e v a d a :
J o u r .  G e o p h y s .  R e s e a r c h ,  v .  6 9 ,  n o .  2 2 ,  p .  4 8 1 3 - 4 8 3 7 .
—  ■  1 9 6 4 b .  G e o l o g y  o f  t h e  c r u s t  a n d  m a n t l e ,  w e s t e r n  U n i t e d  S t a t e s :
S c i e n c e ,  v .  1 4 6 ,  n o .  3 6 5 1 ,  p .  1 5 3 9 - 1 5 4 9 .
T h o m p s o n ,  G .  A . ,  a n d  W h i t e ,  D .  E . ,  1 9 6 4 ,  R e g i o n a l  g e o l o g y  o f  t h e
S t e a m b o a t  S p r i n g s  a r e a ,  W a s h o e  C o u n t y ,  N e v a d a :  U .  S .  G e o l .  
S u r v e y  P r o f .  P a p e r  4 5 8 - A ,  5 2  p .
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T o c h e r,  D o n ,  1 9 5 6 ,  M o v e m e n t  o n  t h e  R a i n b o w  M o u n t a i n  f a u l t  ( N e v . )  i n  
F a l l o n - S t i l l w a t e r  e a r t h q u a k e s  o f  J u l y  6 ,  1 9 5 4 ,  a n d  A u g u s t  2 3 ,  
1 9 5 4 :  S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  v .  4 6 ,  n o .  1 ,  p .  1 0 - 1 4 .
_ _ _ _ _ _ 1 9 5 7 a ,  A n i s o t r o p y  i n  r o c k s  u n d e r  s i m p l e  c o m p r e s s i o n :  A m .
G e o p h y s .  U n i o n  T r a n s . ,  v .  3 8 ,  n o .  1 ,  p .  8 9 - 9 4 .
_ _ _ _ _ _ _ 1 9 5 7 b ,  C r u s t a l  m o d e l s  b a s e d  o n  r e c e n t  p r e s s u r e - t e m p e r a t u r e -
v e l o c i t y  m e a s u r e m e n t s  [ a b s . ] :  G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  6 8 ,  
n o .  1 2 ,  p .  1 8 4 8 - 1 8 5 0 .
_ _ _ _ _ _ _ 1 9 5 7 c ,  T h e  D i x i e  V a l l e y - F a i r v i e w  P e a k  e a r t h q u a k e  o f  D e c e m b e r  1 6 ,
1 9 5 4 ,  I n t r o d u c t i o n :  S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  v .  4 7 ,  p .  2 9 9 .
_ _ _ _ _ _ _ 1 9 5 7 d ,  E a r t h q u a k e s  o f f  t h e  n o r t h  P a c i f i c  C o a s t  o f  t h e  U n i t e d
S t a t e s :  S e i s m o l .  S o c .  A m e r i c a  B u l l . ,  v .  4 6 ,  n o .  3 ,  p .  1 6 5 - 1 7 3 .
_ _ _ _ _ _ 1 9 5 8 ,  E a r t h q u a k e  e n e r g y  a n d  g r o u n d  b r e a k a g e :  S e i s m o l .  S o c .
A m e r i c a  B u l l . ,  v .  4 8 ,  p .  1 4 7 - 1 5 3 .
T u r n e r ,  F .  J . ,  a n d  V e r h o o g e n ,  J o h n ,  1 9 6 0 ,  I g n e o u s  a n d  m e t a m o r p h i c  
p e t r o l o g y :  N e w  Y o r k ,  M c G r a w - H i l l  B o o k  C o . ,  I n c . ,  6 9 4  p .
U c h u p i ,  E . ,  a n d  E m e r y ,  K .  0 . ,  1 9 6 3 ,  C o n t i n e n t a l  s l o p e  b e t w e e n  S a n
F r a n c i s c o ,  C a l i f o r n i a ,  a n d  G e d r o s  I s l a n d ,  M e x i c o :  D e e p  S e a  
R e s e a r c h ,  v .  1 0 ,  n o .  4 ,  p .  3 9 7 - 4 4 7 .
U n i t e d  A i r  L i n e s ,  1 9 6 5 ,  U n i t e d  A i r  L i n e s  s y s t e m  m a p  o f  t h e  U n i t e d  S t a t e s  
D e n v e r ,  C o l . ,  J e p p e s a n  a n d  C o . ,  C o p y r i g h t  1 9 5 8 ,  s c a l e  
1  i n c h  ■  1 0 0  s t a t u t e  m i l e s .
U .  S .  G e o l .  S u r v e y ,  1 9 5 7 ,  C r a t e r s  o f  t h e  M o o n  N a t i o n a l  M o n u m e n t  m a p :  
s c a l e  1 : 3 1 , 6 8 0 .
V a n c a u i e r ,  V . ,  R a f f ,  A .  D . ,  a n d  W a r r e n ,  R .  E . ,  1 9 6 1 ,  H o r i z o n t a l
d i s p l a c e m e n t s  i n  t h e  f l o o r  o f  t h e  n o r t h e a s t e r n  P a c i f i c  O c e a n :  
G e o l .  S o c .  A m e r i c a  B u l l . ,  v .  7 2 ,  p .  1 2 5 1 - 1 2 5 8 .
V a n  H o u t e n ,  F .  B . ,  1 9 5 6 ,  R e c o n n a i s s a n c e  o f  C e n o z o i c  s e d i m e n t a r y  r o c k s  
o f  N e v a d a :  A m .  A s s o c .  P e t r o l e u m  G e o l o g i s t s ,  v .  4 0 ,  
p .  2 8 0 1 - 2 8 2 5 .
V e n i n g  M e i n e s z ,  F .  A . ,  1 9 4 7 ,  S h e a r  p a t t e r n s  o f  t h e  e a r t h ' s  c r u s t :
A m .  G e o p h y s .  U n i o n  T r a n s . ,  v .  2 8 ,  n o .  1 ,  p .  1 - 6 1 .
V i n e ,  F .  J . ,  a n d  W i l s o n ,  J .  T . ,  1 9 6 5 ,  M a g n e t i c  a n o m a l i e s  o v e r  a  y o u n g  
o c e a n  r i d g e  o f f  V a n c o u v e r  I s l a n d :  S c i e n c e ,  v .  1 5 0 ,  n o .  3 6 9 5 ,  
p .  4 8 5 - 4 8 9 .
W a l l a c e ,  R .  E . ,  1 9 5 1 ,  G e o m e t r y  o f  s h e a r i n g  s t r e s s  a n d  r e l a t i o n  t o  
f a u l t i n g :  J o u r .  G e o l o g y ,  v .  5 9 ,  n o .  2 ,  p .  1 1 8 - 1 3 0 .
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